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ADIPIC ACID

Summary

The use of'adlpic acid In the food Industry has prompted investigations
into Its bliologlcal and blochemical characteristics.

The metabolism of adipic acid has been Investigated by several
workers., Rusoff et al. (55) stated that orally administered adipic
acld (approximately 250 mg/kg) Is almost completely absorbed by the rat.
Earlier studies by Enders (14) lend support to thils statement. The
absorbed adipic acld is primarily excreted In the urlne unchanged or
in the breath as CO2 (14, 18, 40, 55). Tests by Rusoff et al. (55)
indicate that adipic acid is metabollzed by beta-oxidation in much the
same manner as fatty aclds. Metabolic products found in the urine after
feeding 14c-1abeled adiplc acld have been identifled as urea, glutamic
acid, lactic acid, beta-ketoadiplic acid and citric acid (55). Following
repeated feedings of adiplic acld to rats, Enders (14) observed the urinary
excretion of adipic acid to drop to zero within 24 hours after the last
feeding (5 days for rabbits). Whole-body analysis of rats sacrificed
24 or 72 hours after the last adipic aclid feeding disclosed no accumulation
of adipic acid in the body tissues (14). 1In a similar study, Rusoff
et al. (55) found some slight accumulation of adipic acid, primarily
in the liver and kidneys. Studies by Lang and Bartsch (34) indicate
that the degree of excretion of adipic acid is Independent of the dosage
and that the rat does not develop a capacity to convert Increased amounts
of the substance.

Stohr (60) and Rusoff et al. (55) found no signiflicant Increase in
liver glycogen formation following oral administration of adipic acid
to rats. Morl (40) reported that urinary oxalic acld excretion was
increased following subcutaneous administration of adipic acld to
rabbits. Kabellitz (29), however, found no change In urinary oxalliclacid
excretion following administration of adiplc aclid to humans by Iintestinal
“tube.

To date, investigations into the biological characteristics of
adipic acid have been |imited to laboratory animals, primarily the rat.

In a test of the teratogenicity of adipic acid, 5 groups (24-31 animals/
group) each of pregnant mice, rats, and hamsters were glven, respectively,
graduated doses of up to 263, 288, and 205 mg adipic acld/kg body weight for
10, 10, and 5 consecutive days during gestation (19)., Detalled examination
of all dams and fetuses revealed no clearly discemible effects on
nidation or on maternal or fetal survival (19).

The exposure of 2 male and 2 female rats to adipic acld dust at a
concentration of 126 mu-g/l of alr for 6-hour periods daily 5 days per
week for a total of 15 exposures was observed by Gage (20) to Induce no
signs of toxiclity.



The acute toxicity of adipic acid has been tested by various routes
in mice, rats and rabblts. A value of 1900 mg/kg was established by
Horn et al. (28) as an LDsg for adlipic acld followlng oral administration
to 39 adult male albino mice as a 6% suspension in 0.5% methy!| cellulose.
The i.v. injection of a 2§ aqueous solution of adipic acid at a rate of
0.01 ml per second to 39 mlice was found by Horn et al. (28) to yield
an LDsg of 680 mg/kg. Intraperitoneal injections of 600 and 900 mg/kg as
a 3% aqueous solution were found by Horn et al. (28) to be lethal to
mice.

Through the i.p. injection of a 3% aqueous solution of adipic acid
to 21 male albino rats, Horn et al. (28) arrived at an LDsg of 275 mg/kg.

, Enders (14) reported that the average lethal dose of oral adipic acid
for rabbits lies between 2.43 and 4.86 g/kg, the lower dose producing only
minor effects. Rose et al. (54) found that adipic acid (approximately
1-2 g/kg) Is mildly nephropathic to rabbits when administered subcutaneously.
Harding and Nicholson (25) contend that Na adipate (unspecified amount)
appears Innocuous to rabblts when administered Intramusculariy.

A number of studies have been conducted on the short-term toxicity of
adipic acid to rats, the most notable of which is the series of experiments
conducted by Lang and Bartsch (34). They found that adipic acid fed to
72 female rats in dally doses of 0-40 mg for 4 weeks produced no change in
the growth curve or in other outward behavior (34). Of 69 male rats fed
0-800 mg adipic acid/day for 5 weeks only those receiving the highest
level (800 mg/day) exhiblted any symptoms of toxicity - poor growth, heavy
diarrhea and unkempt appearance during the first 2-3 weeks of feeding (34).
In their third experiment, male and female rats given 400 mg adipic acid/
day for 33 weeks showed no il effects, while rats receiving 800 mg/day
manifested effects similar to those just mentioned (34). Several pregnant
females were included in the group recelving 400 mg/day and It was found
that they were able to bear and nurse young (34). Lang and Bartsch (34)
also treated rats with 0-400 mg adipic acid/day for 19 weeks in a protein-
deficient diet and found that the toxicity of adiplc acid is greater under
these circumstances - the rats receiving 400 mg/day exhiblted significant
and prolonged growth inhlbition.

In a 90-day feeding test In which 60 albino rats were given a basal
diet supplemented with 0, 0.1, 1.0, or 5.0% adipic acid, the only adverse
effect produced by the treatment was a marked retardation of growth among
the animals receiving 5.0% adipic acid (42), A study in which Na citrate,
Na adipate and citric acid were fed to groups of albino Carworth Farms
rats for 14 weeks showed that al! three of these regimens caused retard-
ation of growth (42). When rats from the groups receiving citric acld
and sodlum adipate were switched to an untreated basal diet after the
14-week feeding period, the rats responded with rapid weight gain during
the ensuing weeks (42). In another study It was found that adipic acld
produces no evidence of pathology In mature rats or guinea pigs when
administered orally as powder, as an alcoholic solution, or in the form of
sodlum adipate (42). However, doses between 638 and 1332 mg/kg/day glven
to immature rats for 9 weeks (5 days per week) produced significantiy
greater weight losses in those rats than in control rats fed equimolar



doses of sodium acefate (42). In a study by Enders (14) five 60-80 g

rats given 0.243 g adipic acid by stomach tube daily for 4 weeks exhibited
an signiticant aeffects ~f the trsatment on growth rate. Three 300-g

aoutt reve oo BT q,aﬁig&c‘acﬁd;nmf5mumuahitubm dpi by for 4 weeks
exhibited no symptoms of toxicity (14).

The only long-term study available on adipic acid is a feeding study
by Horn et al. (28) in which a total of 169 aiblino Carworth Farms rats
were maintained for two years on ol ther a basal diet or the basal diet
containing either adipic acld (0.1, 1, 3 and 5¢4) or clitric acid (3 and
5¢). During the rapid growth period of the studies, welght gains for the
rats recelving 3 or 5% adipic or citric acid were significantly less than
the controls, while growth in the other groups appeared normal (28). No
other evidence of foxicity was discerned (28).
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ADIPIC ACID

Chemical Information

Nomenclature
A. Common Names

1. Adipic Acid
2. Hexanedloic Acld

B. Chemical Names

1. 1,4-Butanedicarboxylic acid

C. Trade Names
None
D. Chemical Abstracts No.

000124-04-9

Empirical Formuta
Ce10%4
Structural Formula

?HZCHZCOOH

CHZCHZCOOH

Molecular Weight

146.14

Specifications
Food Chemicals Codex
Assay
Melting Range
Limits of Impurities
Arsenic (as As)

Heavy metals (as Pb)

Residue on ignition
Water

Not less than 99.6% and not more than
the equivalent of 101.0% of CgHy04
Between 151.5 degrees and 154 degrees

Not more than 3 parts per million
(0.0003%)

Not more than 10 parts per million
(0.001%)

Not more than 0.002%

Not more than 0.2%



Vi. Description
A. General Characteristics

Adipic aclid Is a white, crystalllne, odorless solid with a slightly
acid tasts.

B. Physical Properties

Adipic acid 'is chargcterized by the following typical data: densi#g,
real (solid), 1.366 g/cm”, apparent (cr;s#als), 0.635 g/cm> (39.6 Ig/ff3 ;
mp, 152.1 degrees C; bp at 760 rm Hg, 330.5 degrees C (with decomposition),
at 100 mm Hg, 265.1 degrees C, and at 10 mm Hg, 205.5 degrees C; flash
point (Cleveland open cup), 210 degrees C; fire point (Cleveland open cup),
232 degrees C; viscosity (of melt) at 160 degrees C, 4.54 cps, and at 193
degrees C, 2.64 cps. The pH values for water solutions of adipic acid at
25 degrees C are as follows:

Adipic acid, wt % 0.1 0.2 0.4 0.6 1.2 2.5
pH 3.2 31 30 2.9 2.8 2.7

Adipic acid is siightly soluble in water and very soluble in methanol.
The temperature-solubility characteristics in various solvents are shown
in Figure 1. The solubility of adipic acid can be increased appreciably
by using binary mixtures of water with methanol, ethanol, or acetone.
Table 1 gives solubilities in mixtures of water with acetone and ethanol.

Table 1. solubility of Adipie Aeid in Binwry Mixtares at 40°C

Gravs of wdizae seid per
1 ( . 1ot granss of naxture
Weight pereent o e e e e e

solvent in water Acetons Ethanol
0 ) 52 h 2

20 1320 13.7

40 dn 2 25.9

6{) 33.9 340

[0 324 333

100 87 2204
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Fig, 1. Solubility of adipic acid.

C. Stability

Adiplc acid is relatively thermally stable under a nitrogen blanket;
heating for 15 hours at 232 degrees C is required to develop a marked
discoloration. Accompanying the decomposition, significant amounts of
water, carbon dioxide, and cyclopentanone, and some valeric acid, Cy4lignQ0H,
are formed. At 300 degrees C decomposition to cyclopentanone is nearly
quantitative. The presence of compounds such as calclum oxide and basic
barlum salts markedly accelerates the reaction. Cyclopentanone can be
convenlently prepared by heating a mixture of barium hydroxide and adlipic
acid at 285-295 degrees C; ylelds of 75-85% are obtained. Holding adiplc
acid for four minutes at its boiling point results in the formation of as
much as 7% of polymeric adipic anhydride. The mechanism of the thermal
decomposition of adipic acid and its esters is believed to involve the
formation of cyclopentanone-2-carboxylic acid (or 1ts ester) as the first
step, followed by decarboxylation (59).

Adipic acid is particularly stable foward oxidation. Under
manufacturing conditions, there is very little attack on adipic acid by
air oxidation, even though it is heated under pressure to temperatures
as high as 275 degrees F (59).

Vil. Analytical Methods

The presence of adipic acid in a material is readily determined by
identification of one or more of its derivatives, which are easily prepared
by standard procedures. The most common derivatives of adiplc acid are as
follows:



Derivative Melting point, °C (50)

amide 220
anilide 240
p-toluidide 241
p-nitrabenzyl ester 105
p-bromophenacyl ester - 154
p-phenyiphenaey] ester 148

N~

The adipic acid content of a material may be precisely datermined
by a number of methods. If it is the only acid present, as might be
the case in a powdered gelatin dessert, electrometric titration with
sodium hydroxide is a satisfactory procedure. When other acids or
interfering compounds are present, a method utilizing isotope dilution
of the sample with radio-labeled (carbon-14) adipic acid may be used.
After addition of a known amount of labeled acid to the sample in solution,
adipic acid is recovered from the solution by crystallization and is
purifled. Because the labeled acld has the same solubllity behavior as
the normal acid, the measured radioactivity of the recovered material
then indicates the exteni to which the added acid has become diluted
with normal acid and, hence, the percentage ot adiplc acid in the original
sample. This method is considered to be absolute. Other methods that
have been successfully cmployed include partition chromatography with a
silicic acid column and infrared absorption of the sodium salt (59).

Vit1. Occurrence
A. Plants
Adipic acid has been found in beet juice.
B. Anlmals
No Information Available
C. Synthetics
It is produced commercially by nltric acid oxidation of cyclohexanol
or a mixture of cyclohexanol and cyclohexanone. The former is obtained

by reduction of phenol, while the latter is produced by oxidizing
cyclohexane.

D. Natural lnorganic Sources

No Information Avallable



ADIPIC ACID

Biological Data

I. Acute Toxlicity

Dosage mg/kg
Substance . Animal Sex & No. Route Body Weight Measurement Ref.
Adipic Acid Mice 39 M p.o. 1900 L050 28
Adipic Acid Mice 39 i.v. 680 LD50 28
Adipic Acid Rats 21 M i.p. 275 LDSO 28

Mice

Using a total of 39 adult male albino mice, a value of 1900 mg/kg was
established by Hom et al. as an LDy for adipic acid when administered
orally as a 6% suspension in 0.5% methy!| celiulose. Autopsy of the animals
that died showed distention of the stomach and small intestine, with a
spastic concentration of the cecum. Irritation and hemorrhage of the
intestines were noted. Inltial mortality developed overnight and deaths
continued throughout the first week, after which the survivors appeared
normal (28).

The infravenous injection of adipic acld to a total of 39 mice at
various dosage levels, administered as a 2% aqueous solution at a rate of
0.01 ml per second, was found by Horn et al. to yield an LDgn of 680
mg/kg. The acid caused immediate, convulsive death, probably due to acute
acidosis as the pH of the solution was 3.08. Autopsy showed hemorrhagic
lungs but no other gross pathology. In survivors recovery was apparently
complete and there were no latent deaths (28).

Horn et al. gave a few mice lethal doses (600 and 900 mg/kq) of a
3% aqueous solution of adipic acld intraperitoneally. The mice showed
depression immediately and, at autopsy, the intestines appeared Irrltated
and the lungs appeared hemorrhagic (28).

Rats

fn an effort o evaluate the acute toxiclity of adipic acid, 21 male
albino rats were given, by Horn et al., a 3% aqueous solution of adipic
acid intraperitoneally. An LDgg of 275 mg/kg was determined. Mortality
occurred during the first 5 days, the animals showing hemorrhagic lungs
and Irritation of the intestines. The survivors, sacrificed 1| week after
administration, showed extensive irritation and adhesions of the visceral
organs (28). ‘

Rabbts

Enders found that the average lethal dose of adipic acld lies between



2.43 and 4.86 g/kg for rabbits when administered orally. The lower dose

Is not lethal and causes some sliight discomfort to the animals; the rabbits
sit inactive, eat Iittlie, have a distended stomach, and suffer from more
or less intense diarrhea. Within 24 hours all of these symptoms nearly
disappear. At the higher dosage the animals die 10-30 hours after feeding.
Autopsy shows that the entire Intestine Is swollen and filled with masses
of brown liquid. A microscopic examination of the liver and kidneys
reveals marked venous obstruction In these organs (14),

When adipic acld is administered to rabbits l.v., the only effect
produced by a dose of 2.43 g/kg Is polyuria, due to which the animals
often lose up to 20% of thelr welght within 8 hours (14),

The data detalled in Table 1 was clted by Rose et al. as typical of
thelr experiments on the nephropathic action of adipic acld. Their studies
indicate that adiplc acid is mi ldly nephropathic when administered
subcutaneously to rabbits (54).

TABLE
Adipie il
Rabbit 16, male, 2160 gram=
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*Firat period. 3 e, urine containing 44 per eent dye; second period, 3 ec. urine
contnining 31 per eont dye. Total 75 per cont, _ )

tlirst period, G ce. urine containing 70 per cent dye; secand period, 2 ¢e, urine
cantaining 9 per cent dye.  Tatal 79 per eont, ) .

$First period, 3 ce. urine containing 57 per eent dye; seeond period, 3 ce. urine
containing 22 per cent dye. Total 70 per eent. )

§Firat perind, 12 ce. urine containing 11 per cent dye: second period. 10 ce.
urine containing 9 per cent dye. Total 20 per cent., . . .

“First period, 8 cc. urine contuining 73 per cent dye; seeond periad, 17 ce.
urine containing $ per cent dye. Totul St per cent,
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Vi. Consumer Exposure

Adipic acid Is employed as a leavening acidulant In baking powders
and as the acldulant In powdered concentrates for fruit-flavored drinks
and bottled beverages. |t may also be used for improving the melting
characteristics and texture of processed cheese and cheese spreads, as an
agent for increasing the shipping quality of products containing egg
white and as a gel-Inducing agent in Imitation jams and jellles.
I+ can be used in the canning of vegetables, as an acidulant in candies
and flavoring extracts, as a sequestrant In edible oils, and as an acidulant
in throat lozenges. |ts propy! ester adds a soysauce flavor to foods.
Combined with sodium metaphosphate, it was been used in the preservation of
sausages and other meats.

The following tables were compiled from data collected during a
GRAS survey, NAS/NRC In 1972, Data from the Market Research Corporation
of America (MRCA), on the frequency of eating the substance, produced the
food consumption values, and the mean portion sizes In each food category
were taken from USDA data.

Table 2 gives usage levels found in regular foods. Table 11 shows
annual poundage data for the years 1960 and 1970. Table 13 reports the
possible dally Intakes of various food categories and the age groupings
represented.
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to recover 50% of the administered dose from the urlne and concluded that
the remaining 50% had been decomposed (18).

In studies in which rats accustomed and unaccustomed to adipic acid
consumption were fed 400 or 800 mg/day for 14 days, Lang and Bartsch
determined that the degree of excretion of adlplc acid was approximately
equal in all cases, indicating that the degree of excretion is i ndependent
of the dosage and that the rat does not develop a capacity to convert
increased amounts of the substance (34).

Through the analysls of urine which was col lected from 300-g rats
receiving 0.73 g adiplic acid by stomach tube daily for 4 weeks Enders
found that 60-70% of the administered dose was excreted daily. Excretion
of the adipic acld dropped to zero within the flrst 24 hours after the
last feeding. Whole-body analysis of these rats and of young, growing
rats which had recelved 0.243 g adipic acld/day for 4 weeks (the rats
were sacrificed 72 hours after the last feeding) disclosed no accumulation
of adipic acid in the body fissues (14).

In an effort to determine the extent of excretion of adipic acid,
Enders treated rabbits by stomach tube on two successive days with
2.43 g adipic acid/kg. Collection and analysis of the urine for 6 days
starting on the day of the first treatment revealed that an average of
574 of the administered dose was excreted unchanged in the urine. The
excretion of adipic acid reached a maximum on the second day and dropped
to zero on the fifth. In additional tests, the excretion of adipic acid
was found to be somewhat faster and more complete when the acid was
administered i.v. (14).

Following s.c. injection of 0.8-2.0 g of adipic acld (neutralized
with sodium carbonate) into rabbits weighing 2.7-3.45 kg, Mori found
that an average of 61% of the injected dose was excreted unchanged in the
urlne within 24 hours after Injection. Urinary oxalic acld excretion
was observed to Incraase following the adminlstration of adiple acid (A0),
Ralioit iz 1opnn Tod that the avlmtntotral Ledt wef S0 4wl adipli. asebad s

each of two human subjects by intestinal tube did not aftect their
urinary oxalic acid excretion (29).

lV. Effects on Enzymes and Other Biochemical Parameters

No Information Available

V. Drug Interaction

No Information Avallable
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Biochemical Aspects

|. Breakdown

No information Avalliable

It. Absorption - Distribution

See next secfioh

I11. Metabollism and Excretion

Rusoff et al. investigated the metabolism of adipic acid through
tests in which fasting male albino Carworth Farms rats, weighing 150~
250 g, were given a single dose of 50 mg of radioactive adipic acid by
stomach tube. At this concentration the adipic acid was almost completely
absorbed and up to 70% of the administered dose was excreted In the
breath, as 14C0,, during the 24 hours following administration. Radio-
active metabolic products identifled as urea, glutamic acld, lactic acld,
beta-ketoadipic acid and citric acid, as well as adipic acid, were found
in the urine (55).

Rusoff et al. stated that the presence of beta-ketoadipic acid
provides some evidence that adipic acid Is metabollzed by beta-oxidation
in much the same fashion as fatty acids. Additlonal evidence supporting
this conclusion is provided by further tests In which succinate appeared
in the urine of rats fed with radloactive adipic acld and injected with
malonic acid. Evidence that acetate is a metabolite of adipic acid is
provided by the presence of radiocactive acety | -gamma-pheny | -alpha-
aminobutyric acid In +?2 urlne of rats after feeding gamma-pheny!-alpha-
aminobutyric acid and '“C-labeled adiplic acld. The Isolation from the

urine, following feeding tests with radiocactive CO%, of traces of some
of the same metabolic products as found after adipic acld feeding indicates

that some of the metabolic products found In the urlne are not direct
degradation products of adipic acid, e.g., urea, but contaln radioactive
carbon derlved via COy from adipic acld (55).

Rusoff et al. found that the tissues from the sacrificed rats showed
very little residual radiocactivity. 0f all the tissues examined, the
highest activity appeared in the liver and kidney. Although negligible
amounts of glycogen were Isolated from the livers, the glycogen did not
appear to be radioactive. However, when glycogen formation In the liver
was encouraged by the oral administration of glucose with radioactive
adipic acid, a high concentration of glycogen was isolated which was
radioactive (55).

The feeding of 0.2-0.3 g adipic acid to fasted 110-130 g male white
or dappled rats was found by Stohr to produce no signiflcant Increase in
liver glycogen (60).

Followlng subcutaneous Injection of 10 g of sodium adipate into each
of 4 young dogs In doses of 0.25 g twice dal ly, Flaschentrager was able

18



Five groups of 25-27 virgin adult female golden hamsters from an
outbred strain were mated and then given oral doses of 0.0, 2.0, 9.5,
44.0, or 205.0 mg of adlplc acld/kg body welght dally from the 6th day
of gestation through the 10th day. On Day 14 all animals were subjected
to Caesarean section and observations and measurements were performed
as in the preceeding studles. The oral administration of up to 205 mg
of adipic acld/kg body welght to pregnant hamsters for 5 consecutive days
was observed to have no clearly discernible effect on nidation or on
maternal or fetal survival (19). ’

Inhalatlion

The subacute inhalation ftoxicity of adipic acid was Investigated
by Gage through tests using 2 male and 2 female Alderley Park specific-
pathogen-free rats, with an average weight of 200 g. The rats were
exposed to adiplc acld dust at a concentration of 126 mu-g/1 of
alr for 6-hour periods daily 5 days per week for a total of 15 exposures.
No signs of toxicity were observed among the rats. Blood tests gave
normal values and autopsy revealed all organs to be normal (20}.
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Table 9. Incidence of Tumors and/or Lung Pathology

___Deaths - _ Socrificed
ylung ’ Other Toto! lung
Mole Group pothelogy Tumors causes deoths pathology Tumors
Control 7 PO 3 12 4 1
Adipic -
OI.)I % 3 2 3 7 7 2
1% 1 2 2 5 7 2
39 3 .. 1 4 3 ..
5% 4 1 5 4
Citric
3% 1 2 3 [ 1
5% 1 2 1 4 4 1

During the rapid growth period of the studies, weight gains for the
rats receiving 3 or 5% adipic or citric acid were significantly less than
the controls; however, there was no significant di fference among those
four experimental groups. Growth of the other groups was comparable to
that of the respective controls. There was no evidence of gross or 1
microscopic pathology or increased incidence of tumors or lung pathology
assoclated with the feeding of either acid. The length of survival of
the various groups did not differ significantly from the controls (28).

IV. Special Studies

Teratogenicity

To test the teratogenicity of :dipic acid, five groups of 25-31
virgln adult female albino CD-1 outbred mice were mated and then given oral
doses of 0, 2.6, 12.0, 56.0, or 263.0 mg of adiplc acid/kg body weight
daily from the 6th day of gestation through the 15th day. The animals
were observed for appearance and behavior and thelr body weights monitored
throughout the experiment. On Day 17 all dams were subjected to Caesarean
section under surgical anethesia, and the numbers of implantation sites,
resorption sites, and !lve and dead fetuses were recorded. The body
weights of the live pups were also recorded. The urogenital tract of each
dam was examined in detail for anatomical normality. All fetuses were
examined grossly for the presence of external congenital abnormalitles.
One-third of the fetuses of each |iter underwent detalled visceral
examinations employing 10 X magnification. The remaining two-thirds were
cleared in KOH, strained with alizarin red S dye and examined for
skeletal defects. The results of the tests Indicate that the oral
administration of up to 263 mg of adipic acld/kg body weight to pregnant
mice for 10 consecutive days has no clearly discernible effect on nidation
or on maternal or fetal survival (19),

In a similar study, 5 groups of 24-25 virgin adult female albino
rats (Wistar derived stock) were mated and then given oral doses of 0.0,
2.9, 13,0, 62.0, or 288.0 mg of adipic acld/kg body weight daily from
the 6th day of gestation through the 15th day. On Day 20 all dams were
subjected to Caesarean section and observations and measurements were
performed as in the aforementioned study. The oral administration of up to
288 mg of adiplc acid/kg body welght to pregnant rats for 10 consecutive
days was found to have no clearly discermible effect on nidation or on
maternal or fetal survival (19).
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d condition of each
observations were made of the general appearance an

animal. Whenever possible, gross autopsy was performed on those animals
that dled during the course of the experiment (28).

Af 2 years on the respective diets, the surviving rats were
weighedte;acr¥flced by a blow on the head, and examined for gross a?d
microscopic pathology. The brain, thyroid, lungs, heart, liver, spheen,
kidneys, adrenals, stomach, and testes of approximately half of eac .
group of males were weighed. The kidneys, spleen, liver, and heart o
each female were welghed. Microscopic examination of the following
tissues were done on a representative number of animals of each group:
thyroid, lungs, heart, liver, spleen, kidneys, adrenals, stomach, small
intestine, large Intestine, pancreas, bone marcow , testes or ovariles,
and uterus. The results of the feeding studies are summarized In Tables

7-9 (28).

Table 7. Summary of Average Body Weights of Albino Rats

(Controls reccived the basal dict.  Other animals reccived the basal diet containing the
indicaled pereentage of the adipic acid or citric acid)

Averapge 8ody Weight in Groms

_ Females N

e o Moles Adiple

o Adigic Add | Citric Acid_ ocid,

Week Conirol  0.1% 1% 3% 5% 3% 5% Contrel 1%
0 59 61 63 61 57 62 61 49 48

8 269 280 265 224 182 239 225 178 175
16 325 333 320 276 233 298 278 222 213
24 361 374 354 309 264 329 320 242 233
32 377 294 376 329 291 328 339 257 249
40 397 407 401 357 314 370 361 279 263
48 423 433 421 372 322 393 A77 2715 270
56 428 447 436 380 336 400 386 286 277
64 426 455 4306 85 339 407 401 295 284
72 407 447 43 385 336 400 389 301 288
80 408 441 430 383 349 411 391 313 301
88 413 448 432 398 344 411 389 309 303
96 432 424 436 396 354 409 393 318 308
104 440 417 437 400 360 417 397 321 304

Table & Summary of Data for Albino Rais Recciving Basal Laboratory
Diet or Basal Diet of Adipic or Citric Acid for 2 Years

(Per cent of survival based on length of survival as well as number of animals)

Food Compound
Av. B“"Y‘ Consumed, Consumed,
_ No.of Rats Weight . G. Mg, Survival,
tevel Sex  Start  Finish Initiol Final  Av./Rot{Day Av.[Rat/Doy %
Control N 20 8 59 440 16.8 82.5
F 10 8 49 321 14.2 98.9
Adipic acid
0.1% M 20 13 61 417 17.0 17.0 87.7
1% M 20 15 63 437 17.5 175 94 .7
F 19 17 48 304 15.8 158 96.3
3% M 20 16 61 400 16.8 505 94.8
5% M 20 15 57 360 15.8 814 97.2
GCitric acid . -
% . M 20 14 62 417 171 512 92.6
5% M 20 16 61 397 15.7 784 95.0

15



In a study by Enders, 5 young rats, welghing 60-80 g, were given by
stomach tube 0.243 g of adiplc acld dally for 4 weeks. A simllar group of
rats was maintalned as a control. The determination of body weights at
the end of the test perlod revealed no significant differences between
the treated rats and the controls (14).

Three 300 g adult rats were fed by stomach tube 0.73 g adipic acid
daily for 4 weeks. The welght of the rats remained constant and they
appeared healthy throughout the test period. The animals were sacrificed

at the end of the test perlod and examined without finding any adverse
effects (14).

Guinea Pligs |
See page 12, paragraph 4.

Itl1. Long-Term Studies
Rats

In a two-year feeding study by Horn et al., albino rats of the
Carworth Farms strain were placed on elther a basal diet or the basal
diet containing elther adipic acid or citric acld, as follows (28):

Group Males Females

Basal laboratory dlet
used as control 20 10

Basal diet containing
0.1% adipic acid 20 0

Basal diet contalning
14 adiplc acld 20 19

Basal diet containing
3¢ adipic acid 20 0

Basal diet containing
5% adipic acid 20 0

Basal diet containing
3% citric acid 20 0

Basal diet containing
5% citric acid 20 0

The body weights and food consumption of all rats were recorded
at weekly Intervals during the course of the study. |In addition, weekly

14
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Histologlcal examination of the rats used by Lang and Bartsch
revealed nothing remarkable in the case of the animals receiving less
+han 400 mg adipic acid per day. The histological findings in the case of
the animals treated with higher doses were independent of the level of
protein intake. Slight histological alterations were discovered in the
liver and kidneys and marked changes were exhibited in the Intestinal
mucosa, offering the picture of a chronic Inflammatory condition. The
absorption epithelium was higher than normal, the cells appeared elongated
and richer in plasma; the nuclel were very voluminous and sltuated toward
the base of the cell. The border of the epithelium toward the base was
unclear and the border along the tunica propria was bumpy. The absorption
border of the epithelium was markedly swollen. The number of goblet cells
was increased. There was an intense effort at regeneration, evident from
the numerous mitoses in the crypts. The lymphatic tissue in the tunica
propria was significantly increased (34).

In a 90~-day feeding test on adiplc acid, groups of 10 male albino
rats were given a basal diet supplemented with 0, 0.1, 1.0 or 5.0% adipic
acid and similar groups of females were given 0 or 1.0% adiplc acid.
Monitoring of the body weights of the animals indicated that 0.1% and 1.0%
levels of adipic acid added to the diet of either male or female rats does
not exert a significant influence on elther the survival or the body weight
of rats. However, the male rats receiving 5.0% adipic acid exhibited a
marked retardation of growth during the entire feeding period. Since
this effect was not associated with an alteration of food Intake and there
was no marked gross pathology at sacriflce, the researchers concluded that
the growth retardation was associated with impairment of food utilization.
No histological examination of tissues was done (42).

Four groups of young male albino rats (60 g) of the Carworth Farms
strain were used in a study of subacute feeding of Na citrate, Na adipate,
and citric acid. Three of the groups received a basic laboratory diet
supplemented with 5% Na adipate (10 rats), Na citrate (10 rats) or citric
acld (5 rats), while the fourth group was malntalned on the basic diet
as a control (5 rats). Durlng the 14-week feeding perlod there were no
deaths; however, retardation of growth, as compared to the controls, was
observed In all of the treated groups. At the end of the 14-week feeding
period, 5 of the rats recelving citric acid and 5 receliving Na adipate were
placed on control food for a period of 8 weeks, while the remaining rats
were sacrificed and subjected to postmortem examination. The rats placed
on the basic diet responded with rapid weight gain during the B-week
period, after which they too were sacrificed. All of the rats appeared
healthy at the time of sacrifice and there was no evidence of gross
pathology at autopsy (42).

Adipic acid, administered orally for up to 5 weeks as powdar, as an
alcoholic solution, or in the form of sodium adipate, was found to produce
no gross pathology in mature rats or guinea pigs (see Table 6). However,
doses between 638 and 1332 mg/kg/day of sodium adipate given to immature
rats for 9 weeks (5 days per week) produced signlficantly greater weight
losses In these rats than in control rats fed equimolar doses of sodium
acetate (42).
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In the third experiment, both male and female rats were given 0, 400,
or 800 mg adipic acid/day for a period of 33 weeks. No adverse effects
were observed among the rats receiving 400 mg/day. Several pregnant
females were included in this group and it was found that the adipic
acid consumption had no effect on them, i.e., they bore lItters and were
capable of suckling them. The animals recelving the higher dosage
exhibited significantly lower weight galns and higher mortality than the
controls. As in the previous experiment, these rats suffered from heavy
diarrhea, appeared unkempt, and were generally apathetic during the first
3 weeks of the study. These rats recovered gradually and after 33 weeks
reached the same welght as the animals receiving 400 mg adipic acid/day
(34).

Table 4. Weight gain and mortality of rats
that were fed with adipic acid for 33 weeks

Daily adipic acid Initial Veight Weight No, of YNo, of

dose in mg weight after after animals decad
: & 8 weeks 33 weeks aninmals
0 74 207 £ 35 —m——e 11 4
400 74 183 + 25 325 + 25 9 4
800 73 154 £ 24 320 + 31 4 (1) 10

in order to allow the toxic effects of adipic acid to manifest
themselves more strongly, Lang and Bartsch treated rats wlth adipic acid
In a proteln-deficient diet. The diet consisted only of crushed wheat
supp lemented with cod-liver ol | and had a protein concentration of 114, The
results of the study, as presented in Table 5, show that the toxicity of
adipic acld Is greater in the case of Insufficient proteln Intake than
in the case of optimal nutrition. In contrast to the previous experiments,
the rats In thls study fed with 400 mg adlplc acld per day exhiblted a
signlficant Inhibltion of growth compared to the controls. The Inhibition
of growth was still manifest after 19 weeks; the rapid recovery observed
previously dld not occur here. Other than the inhibition of growth, the
animals revealed no outer remarkable signs. The blood picture of the rats
was normal, except for a mild anemia of all the groups (34).

Table 5 Weight gain and mortality of rats
that were fed adipic acid in a protein-deficient diet
(11% protein)

Daily adivic Initial Welght after VWeight after No. of
acid dose mg . welght 6 weeks 19 weeks dead animals
g & &

0 54 102 + 16 (10) 200 + 28 (5) 2
50 54 103 % 9 ilo) 179 + 32 (7) 0
100 53 94 + 14 10; .172 + 39 25) 1
200 54 104 * 13 (8) 182 x 33 5; 2
400 55 79 + 14 (10) 144 + 26 (5 2
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Following i.m. injection of Na adipate (unspecified amount) in
rabbits, Harding and Nicholson found slight local swelling with a marked
necrotic area and, in 2 of the 13 animals, mild renal irritation. The
authors concluded that Na adipate appears innocuous when administered in
this manner (25).

1. Short-Term Studies
Rats

In an investligation of the short-term foxicity of adipic acid, Lang
and Bartsch conducted a series of experiments in which a total of over
200 rats were fed adiplic acld at levels of up to 800 mg/day for periods of
up to 33 weeks (34).

In their preliminary experiment (see Table 2), adipic acid fed to
female rats in daily doses of 0-40 mg for 4 weeks produced no change in
the growth curve or in other outward behavior (34).

Table 2. Weight gain of rats that were fed with
: adipic acid for 4 weeks, ,

Daily adipic acia Weight gain haniber of experi-
doge mg f2d mental eninals
0 50 + 13% 17
10 52 + 14 18
20 62 + 11 20
40 68 + 16 17

Average devigction “]/?f-‘r

In the second experiment, male rats were fed 0-800 mg adlpic
acid/day for 5 weeks (see Table 3). The welght gains of the rats fed 200
and 400 mg/day were not significantly different from those of the control
animals, while the growth of the animals receiving 800 mg/day was
significantly decreased. The animals receiving 800 mg/day suffered from
heavy dlarrhea and appeared unkempt during the first 2-3 weeks but
recovered during the fourth and flfth weeks (34).

Table 3. Weight gain of rats that were fed with adipic acid
for 5 weeks.

Daily Adipic Acid Initial Weight End Weight Number of
dose In g gel q Animals

0 49 = 7 154 = 20 18

200 52 £ 7 156 t 26 18

400 44 £ 5 139 £ 15 18

800 47 + 7 100 £+ 11 15
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yielded the normal ether values.

These results, which speak against retention and for decomposition
of the non-excreted dicarboxylic acids, are of special significance
when they are related to the total amounts administered in the four
experimental groups. For example, in the growth experiments, 6.8 g
adipic acid, 8.8 g azelaic acid and 9.4 g sebacic acid were fed to
each animal in 28 days. Of this, about 70% were excreted with the
urine. If we assume retention, then, for example, the animals fed
with adipic acid would have had to have stored more than 2 g in their
bodies. As we were able in the ahove described model tests to detect
amounts of 50 mg dissolved adipic acid in the rat body, such a
large amount could not have passed by us undetected. Also, the detection
of decomnosition products of higher di-acids after feeding of these
acids (6), and the test results of Emmrich and Emmrich-Glaser (13)
after feeding with tetradecandicarboxylic acid speak against storgge
of administered dicarboxylic acids.

Discussion of the Experimental Results

All three examined dicarboxylic acids are only very slightly
toxic. If we convert the lethal rabbit dose for men, we find that
only amounts of 250 g or more would have a lethal effect on a normal
test person. Cumulation can be determined only for adipic acid, and
then only in the case of the rabbit. The harmful effect is based on
the slow absorption of this substance and the consequent phenomena
in the intestine, therefore not on absorptive effect. Since the
sneed of excretion is faster than that of absorption in the intestine,
it is not very probable that any absorptive effects appear at all.

Azelaic and sebacic acid lead to cramps in the rabbit when given
in very hish doses. Furthermore, it is striking that rats do not
manifest the cumulation phenomena observed in rabbits after adinic
acid feeding.

Retention of the dicarboxylic acids fed to the animals and not
excreted does not occur, for the dicarboxylic acids we fed could
not be detected in unbound form. However, there stil remains the
possibility of an irreversible sedimentation of vrotein or bone
substance. However, this is not very probable.

Summary

1. The toxicity of adipic acid, azelaic acid and sebacic acid
was determined by establishing the single lethal dose in the rabbit
and the effect of feeding to rats over geveral weeks, It was shown
that these dicarboxylic acids have a very slight toxic effect.

2. During this feeding, the excretion of the dicarboxylic acids
was examined. In the case of rabbits, adipic acid was excreted slowly,
azelaic and sebacic acids more rapidly. This is due to varying
speed of absorption in the intestine. The rats excrete all three
acids with the same rapidity.

3., After intravenous injection to the rabit, the speed of
excretion of adipic acid is the same as that of the other acids.

4. In examining the bodies of rats that had been fed high doses
of dicarboxylic acids for 4 weeks, no dicarboxylic acids could be
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intake. In spite of this, we have devoted an additional examination
to this question of possible retention.

Retention

We examined the bodies of rats that had been killed after the
end of the growth experiments, 72 hours after the last dicarboxylic
acid feeding. The same was done with the adult rats that had been
fed for 4 weeks with dicarboxylic acids. In both cases, the animals
were not killed until the dicarboxylic acid excretion in the urine
had stonped.

The dead rats were cut up in toto with a measdutting machine,
and the sludge thus obtained was boiled for one hour with ten times
the amount of 98% alcohol. The liquid thus obtained contaired about
10% water and could dissolve both dicarboxylic acids and free acids,
as well as salts, at about 70°., 1In the case of retention, the unbound
acids would have to pass into this liquid. The aqueous alcohol was
acidified and the alcohol removed by means of vacuum distillation.

The watery residue was first shaken out with petroleum ether. In this
way, the fat extracted by the alcohol was removed and isolated after
evaporation of the petroleum ether. The watery liquid was then treated
l1ike urine and its ether-soluble remainder determined in the usual
manrer. In order to exclude the agsumption that the di-acids are
incornorated into the fat molecules in the case of retention, the
separated fat was saponified with alcoholic potassium hydroxide, and
the soap solution obtained was acidified. After this, it was shaken
out with ether, the ether was evaprated and the residue titrated as
usual,

In preliminary tests, in this way, normal, non-pretreated rats
were examined and the average value of the ether-soluble remainder
in their bodies determined. This value, obtained from the individual
values of 8 rats, was 0.16 milliequivalent per 100 g rat. Furthermore,
normal rats were injected intraperitoneally with each of the three
dicarboxylic acids in the #form of salts and acids, the animals were
killed, and the ether-soluble remainder in their bodies determined.

In this way, for example, 100 mg injected adipic acid yielded a re-
nainder of 2/%. The value of the ether-soluble remainder was clearly
risen, and thus it was proven that our method was capable of detecting
re tained dicarboxylic acids dissolved in the body.

Examination of the fat of normal rats revealed that upon its
snlitting, as is to be exvected, no dicarboxylic acids appear. Titra-
tion of the residue after evaporating the ether yielded the values of
0.02-0.04 milliequivalents, normal for the ether we used.

The values of the ether-soluble remainder, that were obtained Wpon
processing the rats fed with dicarboxylic acids, agree completely with
those of normal rats. In the case of rats that were fed for 4 weeks
with adipic acid, they are 0.18 milliequivalents, for rats fed with
azelaic acid 0.14 milliequivalents, and for rats fed with sebacic
acid 0.19 milliequivalents, in contrast to the normal value of 0.16
milliequivalents. Each value represents the mean of 6 individual
values. The minor deviations lie within the limits of natural dis-
persion. Even in the case of fat splitting, no di-acids could ever
be detected; titration of the ether residue obtained in the above manner
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is true for both adipic and azelaic and sebacic acid feeding.

The daily excreted amounts hover between 60 and 70%. This behavior
denies any damage to the rat organism from the dicarboxylic acids,
and agrees with the results described in the section on toxicity.
Especially, there is no cumulation and no longer excretion after
the last feeding.

Table 7. Excretion of dicarboxylic acids in the case of a
four-week feeding to rats.

(Excretion in milliequivalent)

A Ba Ca D
: Ratte 1 und 2: Hatte 8 and 4: . Ratie 5 und 6:
. ! Verfi Verfiit Verti
Versuebstag von o‘_‘e!r‘ '}\?lri'[l:’l,n‘slure von li,vira Ag?l:l-nslnre von 101 g gm:ﬁnllre
pro Tier ! pro Tier pro Tier
1 0,61 0,34 046 048 048 078
2 0,39 0.39 038 0,45 0,51 b7
3 047 0,28 .36 0,55 0,52 0,45
4 043 0,33 ! (.48 0,38 0.49 0,60
b 5,28 518 6,90 6,60 680 6,22
6 527 b,36G N 644 6,67 572 6,11
7 0,41 B4C ; 6,42 6,82 6,00 6,06
8 i 633 535 i 6,37 6.81 6,06 6,08
12 | 573 5,62 I 647 648 582 6,18
13 ! 4,61 568 | G563 6,72 6,17 6,41
14 : 576 5,54 i 6,37 6,74 6,07 6,51
19 ; 5,66 5,26 : G091 719 6.18 6,35
22 : h34 537 . 6.86 17,22 6,03 6,28
23 5,97 0,19 i H,96 699 6,02 6,42
26 561 5,56 ! 6,92 6,95 6,14 6,54
29 . 6ot 532 ‘ 6,81 713 8,18 6,62
31 ! 5,41 5,51 ! 6,56 6,67 6,01 6,04
32 ' 5.08 5,37 : 691 6,87 5,89 6,26
33 048 0,32 ; 0,45 0,44 , 048 0,06
3 042 0,38 | 0,40 0,65 ‘ 0,52 0,46
1. Durchschuittswerte der normalen Vorperiode :
0,45 0,34 ; 0,42 0,47 : 0,50 0,68
24 Durchachnittswerte wahrend der Verfiitterung :
6,60 b,41 : 6,67 6,88 6,01 6,27
3. Durchschnittswerte der Ausscheidung in g withrend der Verfiitterung:
0,49 0,49 | 0.62 0,63 ] 0,62 0.64
Durchachnittswerte der Ausscheidung in 95 der pro Tag
4 . verfutterten Dosis :
i 67 67 C 66 67 | 61 64

Key:

A. day of experiment

B. rats 1 and 2: feeding with 0.73 g adipic acid per animal
C. rats 3 and 4: feeding with 0.94 g azelaic acid per animal
D. rats 5 and 6: feeding with 1.01 g sebacic acid per animal
1., mean values of the normal preliminary period

2. mean values during feeding

3, mean values of excretion in g during feeding

4, mean values of excretion in %4 of daily administered dose

The non-excreted 30% of the total administered dose of dicarboxylic
acids could have been either burned or stored. The last possibility
is not very probablg, for then we would have to expgct thgt thg
stored dicarboxylic acids would be excreted after discontinuation of
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firat ~4 hours after the second administration. The total excreted
amount after intravenous injection of adipic acid was only slightly
higher than in the case of oral administration,

In one case, a rabbit survived the oral administration of the
lethal dose of 2/30 equivalent weight, i.e. 4.86 g per kg animal
(adipic acid); the animal lived for 24 hours after feeding. During
this time, 2.05 g adipic acid were excreted in the urine. From the
result of intravenous injection of this substance it follows that about
2/3 of the amount actually arrived in the bloodstream is excreted.
Since in this case, accordir.g to our conventional calculation, 2.05 g
were excreted, about 3 g must have been absorbed; that is only about
21% of the amount introduced in this case -- 14.1 g adipnic acid.
However, it follows further from the expefrments with intravercis in-
jection, that even more than 3 g of the adipic acid arrived in ine
bloodstream have no harmful effect. Thus, from this observation »f
the excretion conditions, we find confirmation of the view expressed
abcve, that the death of the rahbits poisoned with orally adminirlcred
adipic acid is not the result of the substance arrived in the bo.y,
i.e. in the metabolism, but can rather be attributed to the amount of
adipic acid remaining 1in the intestine, which draws the water from the
body.

fter injection into the veins of the ear, the ears became in-
flamed and partly necrotic. However, this is unspecific and can be
attributed to the great concentration of the injected solutions.

The behavior of dicarboxylic acid excretion upon long-term admin-
istration was examined in rats. The general course of the experiment
has aiready been described above. Two adult rats each of 300 g weight
were fed daily with adipic acid, azelaic acid and sebacic acid over a
period of four weeks. The rats received 1/100 equivalent w_ight of
the acids in question per animal. During the four weeks, the dicar-
boxylic acid content in the urine was determined four times in th=
first week, three times for the next two weeks, and four times in the
last week; it was also determined in four days of a normal preliminary
period and for two days following the last feeding. The urine was
collected for 24 hours, separately for each rat, filled to 250 ccm
with wash water, and then 50 ccm of this amount were examined in the
conventioral manner for dicarboxylic acid content., Table 7 gives the
values for each rat of the ether-soluble remainder in milliequivalents
in the four days of the normal preliminary period, then, from the
fifth to the thirty-second feeding day, the values during feeding, and
finally the values of the first two days on which the animals were
not fed any more. The last two lines show average values of the
dicarboxylic acid excreted in 24 hours, in g and in %.

In observing Table 7, we notice first that in the case of rats,
arfter oral administration of adipic acid, the same high percentage of
adipic acid is excreted on the first day, as is the case with the two
other dicarboxylic acids. Also, the milliequivalent values of the
ether-soluble remainder in the urine do not rise on the second day of
feeding for any of the three dicarboxylic acids. Besides this, excretion
of all three dicarboxylic acids has finished within the first 24 hours
after the last feeding. From beginning to end of the four-week experi-
ment, excretion remains within the natural limits and is constant
within the dispersion determined by the experimental technology; this
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Table 6 gives a survey of the results ohtained; here, the amounts
excreted every 24 hours are given in percentage of the single daily
doses administered. Furthermore, the averages of the daily and total
amounts of excretion are calculated in %.

Table 6. Excretion of dicarboxylic acids in a short-term experiment
(Excretion in % of the administered single dose).

A\v‘ reaeh B“\Mlﬂiure J . \:l'hmusl\uro D‘\‘olmzmqwre
NT. 1 Tag 2. Tag 3. Tag 4.Tag L Tag 2.Tug 3. Toy 4.;‘:; .l_"}':;] ‘.'.’:1:»;;1—147 Tnvp,-rl_,?n;:
1 1646 34 10 62 6 21 0 59 |
2 s 4w 6 6 er 2] 0 67 0 2
? 2067 213 8 06 18 0 61 A7 s oa
‘ o s vy | a ! - i
- 7 062 a3 | 23 o 58 W 3 0
schnitt: 20 56 31 . 7 64 64 . 200 0 58 83 4w
1 o Durchsehmittlich auszeselicdene Gesamtienge in 0 der zugefithrten Gesamtdosis:
57 | 4 . i
Key: ‘
A. experiment no.
B. adipic acid
C.aaelaic acid
D. sebacic acid Tag = day Durchschnitt = average

1. averare exceeted total amount in % of the total dose administered

in both tables 5 and 6, the first day is the day on which the
feeding took place for the first time. In thecase of all three
dicarboxylic acids, excretion ends on the fitth day of the experiment,
after 2 days of administration. The total excretion 1s between 50 and
an% of the amounts administered, thus within the limits found by other
researchers as well. The excretion was observed every day during
and after feeding.

Thus it was found that azelaic acid was excreted up to 64% as
early as the first day, that its excretion does not increase on the
second day of feeding, and that after the last administration of the
acid, it stops within 48 hours. On the other hand, adipic acid
excretion reaches its maximum on the second day of feeding, i.e. when
the effect of the second administration is added to that of the first
feeding. It is then 55%, in contrast to 20% of the first day. Besides
this, it usualy does not end until the third day after the last
feeding. Sebacic acid assumes the middle position. A:s in the case
of azelaic acid, its excretion is nearly 60% of the administered
single dose on the first day; on the third day after the last feedins,
excretion has already dropped to zero. On the other hand, as 1is
the case with adipic acid, excretion still increases on the second day.

The cause of the especially delayed excretion of adipic acid can
probably be found in the slow absorption of this substance, which
we had also observed in the abnormal fluid cortent of the intestine
after feeding. We were able to prove that this deviate behavior of
adipic acid is in fact based on delayed absorption, and not on
delayed excretion, by injecting the same amount of adipic acid intra-
venously in two experiments. We used rabbits whose excretion of this
dicarboxylic acid after feeding had already been observed, In the
case of intravenous injection, one had excreted 59% on the first day,
the other 71%. (The percentage figures are a percent of the adminis-
tered single dose). Furthermore, excretion was finished within the
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Table 4. Feeding of adipic acid. Rabbit no. 3. 72.5 kg.
A. B. C. D.

R | Adipinsure- 1 Atherhl!lleher Rest Ausgeschiedene Adipinrhare
Versuchstag zufuhr |
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n g | tn M-llllqunuleuu a,ing ".‘ i F‘;‘:;J;z:‘::‘*""

9,20
10,40
10,81

8,69

9,86

9,93
20,00
38,72
30,74
16,00

9,61 i
10,04 !
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nE3

h‘g"—‘
cocoktnocooooR

o
=
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QOO DODOOOOD

b
W= OO =IO N

Key:
A. day of experiment
B. adinic acid intake in g
C. etner-soluble remainder in urine (in milliequivalent)
D. excruted adipic acid
a., in g
b. in % of the orally administered single dose

Normal average of the ether-soluble remainder in the urine during
the first to sixth day: 9.73 milliequivalent.

A total of 6.48 g adipic acid (67 milliequivalent). i.e. 53%%
of the total administered amount, were excreted.

¥our such exveriments each were conducted for adipic acid, azelaic
acid and sebacic acid., The amounts fed and excreted are shown in g
in Table 5.

mable 5. Administered and excreted amounts of dicarboxylic arid
in a short-term experiment
A. B. C. D.

unncnrn Dosis Ausﬁe)u u!uluz ln g
a?'—'b. Ssure *mal T T T
Ny (-(uuli i R in g l.Tug 2 Tag 3. Tug 4 Tag

3 2.5 1 608 | 10 282 | o2m 06
4 2.3 l L l 5.59 0.84 2.53 228 0,3b
5 2 Adipinsiure Db Lon 303 Lad 068
6 2.0 I ‘ 4,86 1,45 3,34 1.0 0,00
9 1,0 l | L6 370 845 L1T 00b
: < 5,96 3,88 3,99 1,19 0,00
1 éé ""‘““‘““" SR I s VT
12 2.1 | \ 6,68 £08 414 140 w0
13 2,0 : bR 6.74 398 BG0O 020 000
14 2,1 1.2 | 2o 403 . BGG . 014 0.0
B 24 Schazinsdure )\ ¢oe gy 74 | 0,60 0,00
16 1 A J \ 7,07 413 656 L 021 00
Key:
A. rabbit
a - no [ 4
b. weight in kg
B. acid

C. dose twice in g
D. excretion in g Tag=day
1. adipic acid

. azglaic acig
. sebacic acl
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Table 4, Weight gain of young rats upon feeding of dicarboxylic

acids.
A » B o C ° D *
AL Grappe 1 Gruppe M1 ' Gruppe 1V
Verfutterung von Verfutterung von Vecfltterang von Kuntrullen:
Mh[n‘n‘\nu!r : Arelalusiore Schazisssure Verfitterung von Wassar
B “'_""","’_lw”!:f.._ “Eld R/ Tier Tag 0,137 g Tier, Tag 2,0 cen Tier/Tag
Nr. LTug ¥.Tag| Nr. 1.Teg Zi.fag Kr. LTag %.Tag| Nr. | LTag | 2. Tag
1 B o101 66 105 1 ! 7 10 : 1 66 | 100
2 15 2 6 106 2 B 126 2 50 | 120
3 w 100 3 8 110 3 i 120! 3 70 11%
4 t:l) 115 4 0 105 3 0 106 E 0 110 R
5 0 100 b W0 10 5 G0 90 , & 5 ] 1m

Key:

A. Group I; feeding of adipic acid, 0.243 g per animal/dany

B. Groupn II; feeding of azelaic acid, 0,314 g per animal/day
C. Group III; feeding of sebacic acid, €.337 g per animal/day
D. Group 1IV; controls: feeding of water, 2.0 ~cm vner animal/da>

Average weight gains:
Group I: %4 g Group 1I; 38 g Group I11: 40 g Group 1IV: 37 g

Since -onty young, still growing animals were not harmed by
fedding of dicarboxylic acids, we used adult rats in the exvreriments,
with 3 animals weighing about 300 g for each of the three d:carboxylic
acids. This experiment, too, was conducted for 4 weeks. The dosage
was the same as in the case of the growth experiments: the first
group of rats received 0.73 g adipic acid per animal and per day,
the other two groups received 0.94 g azelaic acid or 1.01 g sebacic
acid per animal and per day in 5-7 ccm water through stomach tube.

The weight of these adult rats remained constant threuaghout
the entire time,:; the animals appeared healthy to the very en- )
the experiment. Their general behavior did not differ from that of
normal rats. At the end of the feeding vperiod, the rats were ki1lled
and the remainder nitrogen content of the blood determined. It was
normal for all the rats, between 20 and 40 mg%. There were no
functional kidney damages, in correspondence with the findirgs of
Rose and others (14), and in contrast to the phenomena observed
after administration of glutaric acid.

Excretion

In order to complete the toxicity experiments described above,
we examined the excretion of the dicarboxylic acids.

In further short-term experiments, we fed rabbits for two
successive days with 1/30 the equivalent weight of each of the
dicarboxylic acids in question; i.e. 2.43 g adipic acid, 3.14 g
azelaic acid, and 3.37 g sebacic acid per kg animal. Thus, we
gelected the largest possible compatible amounts that were not yet
lethal for the animals, according to the previoustoxicity experiments.
we determined the ether-soluble remainder of the urine separately
for each day, over a normal preliminary period of 5-6 fays, for the 2
days of feeding, and the 4 days following the last feecing. Table 4
shows the course of such an experiment with adipic acid.
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1/30 and 2/30 equivalent weight per kg animal for all three dicarbo-
xylic acids. The first dose, 1i.e. 2.4% g adipic acid, 3%.14 g
azelaic acid and 3.37 g sebacic acid per kg rabbit was not lethal

in all three cases. In the case of azelaic acid and sebacic acid
feeding, no side effects appeared. Oral adipic acid administration
caused some slight discomfort to the animals: the rabbits sit inactive
in their cages, eat little and have a distended stomach. When the
abdomen is knocked, a distinct gurgling is heard. The animals suffer
from more or less intense diarrhea. After 24 hours, all these symp-
toms have nearly disappeared. If the adipic acid dose is doubled

to 4.86 g per kg rabbit, the animals die 10-30 hours after feeding.
Autopsy shows that the entire intestine is swollen, and filled with
masses of brown liquid. A microscopic examination of the liver and
ki1dneys reveals marked venous obstruction in these organs.

The entire intoxication picture suggests an inhibition of ab-
snrotion, a passage of fluid into the digestive tract, as the basis
o7 the mechanism of the conducting elements of the bitter salt series.

After administration of the corresponding amounts of azelai
ard sebacic acids -- 6.28 and 6.74 g per kg rabbit, i.e. 2/30 the
equivalent weight -- these symptoms and phénomena are not detected.
However, in this case too, death takes place about 12-18 hours after
feeding; nowever, tle intomication nicture is completely different,
Snon after feeding, the animals lie on their sides, some have clonic
cramps, the extremities shake, and there is nystagmus. Autopsy shows
no pathological findings in the stomach-intestinal tract. These
intoxication phenomena suggest an injury to the central nervous
system.

If the dicarboxylic acids are not given orally, but rather intra-
venously, then 1/30 of the equivalent weight of the adipic :cid ver
kg rabbit is tolerated without side effects, There is only 2 "~ ‘ria,
due to which the animals often lose up to 20% of their weighi #: "1n
& hours. Injection of azelaic and sebacic acid leads to the de:iin
of the animals, usualy still during the injection, as soon as about
1/45 of the equivalent weight is injected. Here there is cessation
of breathing, while the heart still continues to beat. This, too,
sugrests an injury to the central nervous system.

Since the orally and intravenously administered amounts of fluid
were relatively large, =--— up to more than 84 cca in the case of sebacic
acid -- 100 cmm physiological saline solution were administered orally
and intravenously for control nurposes; no harmful effects were mani-
fested.

The effect of longer administration was examined on young and
adult rats. As a dose we gelected the largest amount that can be given
by stomach tube, taking into consideration the amount of solution,
without fear of purely mechanical effects., This dose was about
1/30 the equivalent weight of each dicarboxylic acid per kg rat.

The amounts fed in g are seen in Table 3. The amounts of liquid used
are between 1.25 and 2.50 ccm per rat and per day. The experiment
lasted for 4 weeks., The controls received an equal amount of water
during this time. In the case of the young rats, no effect on weight
gain was observed, in comparison with the controls (see Table 3}, No
difference could be determined in other areas either.



Key to table 1:

A. value found _

B. nctual value (by multiplying with the corresponding factor)
1. adinic acid

2. azelaic acid

3. sebacic acid

(fhe gram and percentage values of the following tables are always
the converted mean values of a repeat determination.)

In examining the urine after feeding dicarboxylic acids, care
was taken that the di-acid quantities that were expected in the
single portions of the urine used for chemical determination, were
of the above dimensions. This was achieved by using more o:i less
wash water.

As suggested by Verkade (11), in dosing, we always used equivalent
amo.antz, so that the three dicarboxylic acids that we had selected could
re compared without difficulty. Thus, for example, to cne anirma’
group we gave 2.4% g adipic acid, 3.14 g azelaic to the next, ana 3.37 g
sebacic acid to the third, i.e. in each case, 1/30 of the equivalent
weight per kg. (Equivalent weights: adipic acid: 73 g, azelaic acid:
94 g, and sebacic acid: 101 g).

The dicarboxylic acids were obtained as pure substances from the
firm of Schuchardt and dicsolved in sodium carbonate solution. More
detaiis on the solutions can be found in Table 2. The solutions used
for the rabbits were acid. Since our rats had an acid urine, the
drcarboxylic acid solutions were completely neutralized for feeding to
the rats, in order to prevent a precipitation of the excreted acids in
the urine. However, controls showed that this was not necessary.

In using acid diecarboxylic acid solutions in feeding exprimrnta with
rats, the same excreted amounts were found.

Takle 2. Dicarboxylic acid solutions used

AL_\’er“cho an ln:tickgn B‘\ ernnch:on- Ratten
8 Konzentration Anteil der Esnzentnﬂon @ anteil der

Mtiralisiorien neutralisierten
LI Dissuren in 0 °, Diskuren in %,

o Adipineiare .. ... 20 s . 20 100
o Azelainsbure ......... 18 ki n 14 100
e Sebazinsdure......... 13 5 | 14 300

Key:

A. rabbit experiments B. rat experiments

a., concentration a. concentration

b. proportion of neutra- b, proportion of neutralized di-acids in%
lized di-acids in %

1. adipic acid 2. azelaic acid %, sebacic acid

gince azelaic acid and sebacic acid solutions of these concen-
ttations precipitate at room temperature (Table 2), they were always
neated to 400 before processing.
Toxicity

Lethal doses for one oral administration to rabbits were between
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error due to incomplete draining of the bladder at the end of a
24-hour collecting period was as small as possible, as the urine
was in this way less concentrated with respect to the excreted di-
carboxylic acids.

The acids we selected for feeding were adipic acid, azelaic acid
and sebacic acid. Adipic acid has the formula COOH-(CHz) -CCOH.
It is used in the production of baking powder and lemonadg as a repnlace-
ment for tartaric acid or citric acid, as well as in the production
of the artifical fiber "nylon silk" (16). Azelaic acid has the
formula COOH-(CH,),-COOH, sebacic acid the formula COOH-(CH,),-COOH.
Thus, we selecteg Z short-membered di-acid with an even cargogydrate
count and two dicarbhoxylic acids of moderate length carbchydrate
chain, one with an uneven and one with an even carbohydrate count,
we did not use dicarboxylic acids with longer carbohydrate chains because
of their easy combustibility (13).

The chemical determination of these dicarboxylic acids in the
urine is done according to the method provosed by Emmrich and Hethne (12).
The princinle consists in the following: 50 ccm urine are acidif:.d and
ahaken out with ether, boiled for an hour with double the normal
caustic soda, and then again acidified and subjected to steam distilla-
tion. 1In this way, first all the ether-soluble substances are found,
the hippuric acid destroyed, and the volatile acids removed. Then
the residue is shaken out with petroleum ether and then with ether to
remove the fatty acids. The ether is evaporated, the residue dissolved
in water and titrated.

Before beginning a feeding, the average of the ether-soluble
remains of the 24-hour urine was determined for at least 4 days of
a normal preliminary period. Calculation of the excreted amounts
arter feeding was done according to the process of Emmrich and H&hne (12,
by subtracting the average thus obtained from the titration value cf
the exveriment day, and multiplying the difference with the equrivaient
weight of the acids in question. The error that decomposition wroducts
of the administered dicarboxylic acids add to the actual values was
taker into consideration.

In order to be able correctly to convert the titration values in
the urine, increased after feeding of the dicarboxylic acids, into
weight amounts of excreted dicarboxylic acids, we performed the following
preliminary testas. We determined the blank value of ether-soluble
acids of a normal urine, and then, in the same urine, the value of
the ether-soluble remainder after foregoing administration of 30, 90, and
150 mg dicarboxylic acids. The titration values thus obtained were
converted into mg of the corresponding acids (see above) and related
to the weighed and administered amounts. For example, of 90 mg sebacic
acid, 81 mg were regularly recovered. In this way we obtained con-
version factors of 4/3 for adipic acid, 20/19 for azelaic acid and 1,9
for sebacic acid. Three examples are shown in Table 1.

Table 1
A B Wirklicher Wert
. e . Aurch Multiplikation
Gefundener Wevt i dem entaprechenden
Fakior erbalten)
mg mg

o Azvluinmiure ... 171 180

o Adipinsaure oo 17 228
o Svhazinsiore......... 171 190
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The resorption of dicarboxylic acids -- e.g. azelaic acid -- is
complete (7). Even in the case of diarrhea, there are no dicarboxylic
acids in the feces (13).

Emmrich and Emmrich-Claser also treat the question of retention
of the dicarboxylic acids in their work (13). These researchers
daily fed 0.5 g tetradecandicarboxlyic acid for 8 days to two adult
rats, and then saponified the animal bodies. No retained dicarboxylic
acids could be found.

Rose and Harding and Nicholson (14) found tubular nephritis after
administration of glutaric acid. Fodera (15) -~ cited by Frankel (1%) --
comparatively examined low fatty acids and the corresponding dicar-
boxylic acids. He ascribed a lowering in toxicity to the introduction
of the second carboxyl group. Verkade et al. (11) witnessed the
avppearance of local edemas after subcutaneous injection of di-acids.

In sum, from previous research we see only a glight toxicity of
the dicarboxylic acids having more than five carbohydrate atoms,
though partly considerably large doses were used. For example,
Emmrich and H8hne (12) administered 10 g sebacic acid orally per day.
In spite of this, the question of the toxicity of the dicarbhoxylic
acids has aroused new interest, as after the feeding of synthetically
produced fats, an increase 1n dicarboxylic acid excretion is not
prevented. These synthetically produced fats consist of glycerides
of fatty acids of evemr and uneven carbohydrate count. On the other
hand, verkade (3) warns against 0ils and fats that cause a marked
di-aciduria upon feeding.

we therefore set ourselves the task of determining the toxicity
o7 1ndividually selected dicarboxylic acids, and testing their cumu-
lation. Since in the course of the experiments it was found that
the acids examined had only slight gpecific effects; their excretion
and retention in the animal body were then examined.

Methodology

As experimental animals we used rabbits and rats. The substances
to be tested were dosed precisely by means of application with the
stomach tube., In this way, we avoided the disadvantage of the solutions
to be administered being thrown away with the food remains. For the
same reasons, we rejected experiments with dogs, since they will
refuse food containing unusual components, and are also inclined to
vomiting, especially after stomach sounding. FPurthermore, with rabbits
it was more easily possible to inject intravenously the relatively
large amounts of solution -- up to 100 ccm -- for purposes of com-
parison., We rejected subcutaneous injection, as this was not recommended
due to the local stimulative effect of the high doses we used. In
the case of the long-term experiments, the use of rats was most advan-
tageous in terms of managing with small substance quantities and
simplifying the examination of the animal body for retained dicarboxylic
acids; this would have been more difficult with larger animals.

The animals' diet was kept completely constant throughout the
experimental period. The rabbits received grass or white beets. The
rats received a bread consisting of 60% cornmeal, 30% dry milk, 8% dry
yeast and 2% cod liver 0il. Common salt was also added to this bread,
to stimulate extensive drinking, so that the greatest possible amount
of wrine could be obtained. In this way, we guarantéed that the
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According to experiments by Verkade and his collaborators (1),
fatty acids are decomposed in the organism not only through @-oxida-
tion, but also through @-oxidation. The end products of this
@ -oxidation appear in the urine as dicarboxylic acids. Thus, after
feeding of the triglyceride tricaprin, gebacic acid and adipic acid
are found in the urine; after administration of triundecylinm, pimelic
and azelaic acid can be detected in the urine (2). These dicarboxylic
acids appearing in the urine are, especially from a physiologico-
chemical point of view, the points of origin of numerous new investi-
gations. In this new research, adipic acid, azelaic acid and sebacic
~acid, among others, were fed to people or dogs in amounts up to 20 g
per day, usually in the form of their water-soluble sodium salts (4=7).
The total urine was collected during the feeding period and examined
quantitatively for the di-acids and their decomposition products.

In the urine, 30-75% of the administered dicarboxylic acids could be
found again. In the case of subcutaneous injection, elimination did
not change significantly (8, 9, 10). Mori (10) injected rabbits sub-
cutaneously with adipic acid in the form of a sodium salt -- up to

20 g -- and found about 504 of the adipic acid in the urine. Verkade
et al. (11) were the first to be able to compare the excretion of

two dicarboxylic acids by means of subcutaneous injections of equimoler
amounts of adipic and sebacic acid.

pumrich and H#hne (12) fed several test persons azelaic acid
in amounts increasing daily --0.5 to 10 g -- and continuously checked
the ether-soluble remainder in 24-hour urine. Of each dose the same
percentage, namely about 68% on the average, was excreted. However,
in this experimental set-up it was unavoidable that that part of the
excretion amount that is excreted in the twenty-fifth to forty-eighth
hour after feeding, adds to the excretion amount that belongs to
the dose fed on the following days. (See Emmrich and H8hne table (12)).
In the case of experiments with sebacic acid, Flaschentr#ger and
Bernhard (4) found, on the other hand, that percentage-wise, the
spaller the amounts administered, the less is excreted. In general,
the dicarboxylic acids with a higher carbohydrate count appear to
be burned more easily (verkade (6, 11); Emmrich (13)).
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Vertriiglichkeit und Ausscheidungsverliiltuisse von Bicarbonsiuren. 603

_Versuchen mit erwachsenen Ratten mit nur je 3 Tiercn im Gewichit von etwa
300 ¢ fiir jede der 3 Dicarbonsiiuren. Auch dieser Versueh wurde 4 Wachen
lany durchgefiithrt. Die Dosierung war so wie bei den Wachstumsversuchen:
die erste Gruppe von 3 Ratten erhielt 0.73 ¢ Adipinginre pro Tier und Tag,
die anderen beiden Gruppen erlielten 0.94 ¢ Azchainsiure hzw. 1.01g
Sebazinsiture pro Tier und Tag in 5—7 cain Wasser mit der Schlundsunde
verabreicht,

Das Gewicht dieser erwachsenen Ratten blieh withrend der ganzen
Zeit konstant. die Tiere sahen bis zum SebluB des Versuclies aesuad aus,
1hr allzemeines Verhudten unterscliied sich in nichts von dem naneader
Ratten, Am SeliluB der Verfitterungsperiode wurden die Ratten getoiet
und der Restatickstoffgehalt des Blutes bestimiat, Er war het allen
ILatten normal und bewegte sich zwisehen 20 und 40 mg?,,. Funktionelle
Nicrenstorungen fehlten.  entsprechend den von Rose u. a. (14) er
hobenen Befunden, 1 Gegensatz zu den nach Glutarsiureverabreichuny
heobucliteten Erscheinungen.

Awsscheidungsverhiiltiisse,

Zur Erginzung der bisher beschrichenen Toxizititsversuche unter-
suchten wir die Ausseheidung der Dicarbonsiuren.

In o weiteren kurzfristizen Versuchen verfitterten wir an Kaninchen
anzwel anfeinandafoldenden Tagen je 'y Lquivalentgewicht der lie-
ireffenden Dicarbonsanre, do L. 2088 ¢ Adipiasiare, 304 ¢ Anchunsiure
und 3,37 g Sebaginsiure pro kg Tier. Wir wablten aloo nioplichst grotle,
noch vertrigliche Mengen, die nach den vorhierzegangenen Toxizitits-

Tabelle 4, Verfitterung vou Adipinsiure. Koninchen Nr. 3. 2.5 kg,

I Adipinskures  Atherfosijeher Best _ “'A_B:i:ﬂchi(nln..v‘.\<i;§.i||-.\: re
Versuchstag | cutubr : im Harn i Tin o,
v g in Milhingaivalenty . ing i .

1eiiec

-
Fiarddosis

9,20
10.40 :
10,31 i
859 E
9.85
9,33
20,00

i3
o da bt
cod¥idoococo

o=
=3
@
&
o

[-Y~-X=¥-¥-X-F-F-E-X-3]
)
-

9,61 {

i 10,04 o

ot et
N O W00 G Ctde WO
OOCNRIHOOODOO

[

i
Normaler Durehsehnitt des ditherkislichen Restes im Harn waihirend des 1, bis
A Pages: 1,73 Milliiquivalent.
hin ganzen wurden 6,48 g Adipinsiure (67 Milliiquivatea}, 4. b 537, oo
esmmten zugefabirten Menge wieder ansgescliieden.
Archiv £, expertment, Puth. v, Pharmukol. 13d. 197, 41



502 A. ExpeRs:

findet sich am Mazen-Darmkanal kein pathologischer Befund. Diese Ver-
wiftungserscheinungen weisen auf cine zentral-nerviise Schidigung hin,

Gibt man die Dicarbonsinren nicht per os. sondern intravends, dann
wird 1y, des Xyuivalentgewichtes der Adipinsiture pro kg Kaninelien ohine
Nehenerscheinangen iherstanden. Ex zeigt sich nar eine Polyurie, bei der
die Tiere oft hix 20°, ihres Gewichtes innerhally 8 Stunden verlieren.
Infusion von Azelaine und Sebhazinsiure fiihrt 2nm Tode der Versuelistiore,
micistens, noch wilirend der Infusion, sobald etwa 1, des Xquival
gsewichtes injiziv’rt st Dabiedl zetpt sich e Atemstillstand, withrend das
Herz noch weiter seblagt, Auch dieses weist aufl eine Nehiidigung des
Zentralnervensystems hin,

Da die oral und intravends gusefihirten Flitssigheitsmengen relativ
erall waren - i Falle der Sebazinsiiure Lis diber 81 cein — wurnden zve
Nontrolle 100 cem phvsiologischer Kochsalzlisung oral und intravenos
aegeben. ohme Jdall sich seliidigende Wirkungen gezeigt Litten.

Der Emflull Kngerer Darreichingen wurde an jungen und an er-
warlizenen Ratten untersucht. A Dosis withlten wir die grolite Menge,
she man nuter Berieksichtigung der Lasungsinenge mit der Sehlundsonde
gehen kanne obine rein niechaniselie Einwirkungen fitrehten zu miissen,
Diese Dosis war etwy _“,.‘qlli\'u[vlll;_'v\\'it'ht jeder Dicarhbonsiinre pro Ly
Bttt e verfiittenten Mengen in g gehen aus Tahelle 3 hiervor, Die ver-
wendeten Flissighetanengen bewesen sich zwischien 125 und 250 corm
pro Ratte und Tage Der Versueh warde 4 Waooclien Lo durchgefiiht,
e Kontrollen erhielton withrend dieser Zeit eme glewchie Menpe Wisser,
Ber den jungen Ratten wurde kein Enfluf anl die Gewicht~zunalime
wegenitber den Kontrotltieren beobachtet (sicke Tabelle 3. Auch im
~somatigen Verlinlten lieB sich kein Unterseliied festatellen,

Taln e 8. Gewichtsyunahme junger Katten bei Verfitternng « an
Divarbonsauren,

Gruppe | ' Gruppe 11 i Gruppe 11 1 Grappe IV
\‘rm.m:\ ung van o Veofutteog von Kenutrotien

Azcliinvaure H Sehazins } Verfutteruryy von Wasser
T 20 cetn Tier Tug

14

.TaR’ N | Llag | 2R
103 101 e 105 1 0% .10 1 | 160
2 b 100 0 2 (Y 100 2000 126 | 2 sG  120
3 0 100 . 3 8u 110 31 % 120 ¢ 3 W0 103
4 80 115 4 70 10H 8 . "n 06 4 W1
5 50 100 . b 0 10 ; 5 i w 9 , 5 304 10

. Durchschnittliche Gewieltszunabimen:
Gruppwe It Mg sruppe 11: 38 | Gruppe IUI: 40 Grappe IV: 37¢

D selbst junge. noch wachsende Tiere dureh die YVerfiitteruny von
Dicarhonsiinren nicht gesehitdigt worden waren, hevniicton wir uns hei den
. ”~ r (ol



Vertriiglichkeit und Ausseheidungsverhiiltnisse von Dicarbons o, 6ol

viuren hin Urin vorzubengen, Kontrollen zeigten jedoch, dall dies nicht
ot pewesen wire, Bei Verwendung saurer Dicarbonsiiurelizungen in
Verfiitterungsversuchen an Ratten wurden dieselben Ausscheidungsmengen
gefunden,

Tabelle 2. Verwendete Dicarbonusiurelésungen.

i Versurke an Kaninchen Versuche an Watien
e e e e = ——
i .
. Konzeutration Anteil der Ronzentration Amreid der
neutralisierien nesdraligiertien
LAY Disauren i ¢ L2 Disauien in ¢4
Adipinsivre (... 20 K] . 20 100
Azcluinssure ool 13 75 : ] 100
Scbazinsiure ..o ' 13 ki) ' 14 100

Ba Azelainsaure- und Sebazinissurelisungen dieser Konzentration (Talieile 2
Lei Zimmertemperatur susfalien, wurden sie vor der Verabreichung stets anf 40°
vrwarmt.

Tovizitiit.,

Die letalen Dasen Let einmaliger oraler Darreichung liegen heie
Kaninehen hei allen drei Dicarbonsiiuren zwischen oy und 205, ;\’qui\':xlvm
sewicht pro kg Tier. Erstere Dosis, o1 ho 248 o Adipinsiure, 3,14 g Azelaby
siure ader 337 ¢ Sebazinsiture pro ky Kaninchen war in allen drei Fiille:
nicht letal. Bel der Verfiitterming von Azeldinsinre und Scbhazinsing.
reteten sich daber keine Nebenerscheinungen.  Adipinsiiures ecrabreichu.,

per os bewirkte leichtes Unwollsein der Tiere: die Kanineben sitzon te)
nahinislos e Kiifig, fressen wenig und babien cinen aufparic-benen Baw
Bei Beklopfen des Abdomens hirt sian cin dentliches Gluckern, Die T
leiden an melr oder weniger starken Durchfiilllen. Schon nach 24 Stun-
sind alle diese Erscheinungen weitgehend abeeklungen, Verdoppelt o
die Adipinsiuredosis auf 4.56 g pro ky Kaninchen, dann sterben die T
10 -30 Stwsten nach der Verfitterung. Bei der Obduktion sieht
dall der ganze Darnm geblibt und mit Massen brauner Flitssigheit angef
ist. Beider mikroskopisehen Untersuchung von Leler und Niere lichen :
an diesen Organen ausgepriigte venése Stauungsersclicinungen ne
weisen.

Dus ganze Vergiftungsbild weist auf eine Resorptionshemmung
auf einen Uhertritt von Flissigheit in den Verdanungskanal, wie sie ¢
Mechanismus der Abfihrmittel aus der Bittersalzreihe zugrunde L.

Nach Verabreiclung der entsprechenden Mengen Azelain- und Sele on-
siure — 6,28 und 6.74 g pro kg Kaninchen, d. b 2/, des Aquival -
gewichtes -- finden sich diese Erschicinungen nicht, Auch hier tritt 0
dings der Tod der Versuchstiere ctwa 12-18 Stunden nach der Ve
fitterung ein, jedoch ist das Vergiftangshild cin vollig anderes, Die 5o
nelimen bald nach der Verfiitterung Reitenlage ein, cinige zeigen kloso - e
Kriimpfle, Zittern der Extremititen und Nystagmus, Bei der @hdel v




GO0 A. FEXDERS:

Tobler. dufl Abbuuprodukte der verfiitterten Diearbonsiiuren sich zu den
witklichen Werten addierten, wurde in Kauf venommen,

Uan die nach Verfitterung der Diearbonsiiuren erhiliten Titrations-
werte im Urin sicher in Gewichtanengen ausgeschiedener Dicarhonsiiuren
amnreclnen zu konnen, steliten wir foluenile Vorversachean, Wir Lestimmiten
Jen baeerwert itherloshicher Nioren cines normalen Urins und danach im
celben Urin den Wert ddes ditheroslichen Restes nach vorheriger Zugabe
von B0 wnd 150 g der Dicarbonsiiuren. Die so erhultenen Titrations
werte warden finng der entsprechenden Saure wmgerechnet (siehie oben)
und zu den abgewogenen und hinaaged

frten Mengen in Beziehung gesetat.
T wunden z B, von 90 my Sehazinsiure reeliniiflig 81 mg wieder auf-
sefunden, Auf diese At wurden Cwmrechnmesfaktoren erhalten. die fiir
Adipinsiure © oy, fiir Azelainsiure 20, und fiir Stbazinsiure 1l hetrugen.
Drei Beispiele stelien in Tabelle 1.

Tubelle 1.

Withheber Wert
hel Malviphkation
wit dem enlsprechenden
Fuhtor evhalien;

Gefundener Wert

me mg
Adiplasiure oo m 228
Avclainsiure R 171 150
Sebazinsaure oo 171 190

(hie Gramm- und Prozentwerte der folgesden abellen sitd stets die wme
gercchneten Mittelwerte viner Doppelbestinmnng.)

Bei der Untersuebumg des Hurns nach Verfiitterung von Micarbon-
siuren wurde darau! genchtet, dath die In

duremienzen, die in den v
chemischen Bestimuiung verwandten Eiuzelportionen des arns zu ot
warten waren. sich in den oligen Groienordnmgen hiclten. Dies wurd,
Qureh Verwendung von niehr oder wemiger Spiitwasser crreicht.

Wir verwandten nach Verkade (11) et der Dosierung stets dgui-
vilente Mengen, um die drei Dicarbonsiuren, die wir ausgewihit hatten,
cinwandfrel veradeichen zo kimnen. Qu waben wir z. B, hei einer Tieraruy pe
248 e Adipinsiure, bei der zweiten 3,01y Azelainsiure, bel der dritten
337w Sebazinsiure pro kg Lo jedem Falle Uy des .'\'«lui\'aﬂ:-nt;_'cwid;tvs
pro kg (.‘(qu}\';\lvm;_n-\\'ichtc: Adipinsiure: T Al wrer 94 0 und
Sebazinsiure: 101 g2.)

Die Dicarbonsdinren wurden als Reinsubstanzen von der Finna
Sehuchardt bezogen und in Natriwmear bonatlosung gelost. Nibeves iiber
die Lisangsverhiilinisse st aus Telelle 2 zu ersehen. DPhie Hei den Ra
ninchen vervensleten Lasungen waren sauer. Da ansere Ratten cien
sauren Harn anfwiesen, worden die Dicarbonsiurelosungen hei Verfiittecun
an Ratten villig neutralisiert, am emen Ansfallon der ausgeschiedenen

.




Vertriglichkeit und Ausscdwidungserhia ase vau Dicarhonsinren. 597

cutanen Injoktion sahen wir van vomnherein ab, da diese sich wegen dor
lokalen Reizwirkung der von nns verwendeten Toben Doxen nicht ciapfalid.
tei den Lingfnistigen Versuchen bot die Verwendung von Ratten den Vorteil,

“oait geringen Substanzmiengen auszukonimen sowie die Untersuchung

Jes Tierkorpers aufl retinierte Dicarbounsiure einfacher zu gestalien, als
dies bei wroBeren Tieren wdglich gewesen wiire,

Die Kost der Tiere wurde widirend der Veruchszeit volliz kon-tant
aehatren. Die Kaninchen erhielten Gras oder weibe Riaben, e Ticton
crhiclten ein aus 607, Mai=mehl. 30°, Trockennulch, 8¢, Trockenlete
and 290 Lebiertran zusanunengesetztes Brot. Diesein Brot wurde subenden
Kochsalz zugesetat, um ein reichliches Trinken und damit eine miglichet
role Urinmenge zu erzicken, Wir erreichten dadurch, dafl der Felider
Sareh tovollstiindive Fatleering der Blase ave Sehlull einer 24stindieen
~mmeiperiode so gering ciowdsheh wurde, dader Harn aul diese Art
Soziigheh der ansgesclicdenen Dicarhon<iuren wenizer konzeniriert war.

e von uns zur Verfitternag avesgewithltea Shuren sind Adipin-
aure. Azelainsiure  und Schazinsiure.  Adipinsiure hat die Formel
COOH (CHY), COOH. Sie findet Verwemwlung bet der Herstellung
cen Backpulver und Limonade als Ersatz von Weinsinre haw. Zitronen-
aure, sowie bt der Protubtion der Konstfuser WNvlonseide™ {(16)0 Azclain-

arre hat die Foarmel OO (CHL). COOUL Selaznsiurne entspricla
e Formel COON (L) COOHL Wir Lalen also eine khuizehiedrge
Desiure von gerader Koblenstoffzab] gewihit und zwel Dicarbonsinren
artlerer Linge der KoldenstolTkette, davon eine sit mgerader wnd eine
it werader Kollenstoffzabl, Von der Eimbeziclag von Dicathonsiiuren
ok lingerer Koblenstorfketten warde angesiehts deren guter Verbronnbar-
et (13) abgeschen,

Die chemische Bestimmung dieser Dicarbonsiuren im Urin erfol
sach der von Emmrich und Hohue wngegebenen Methode (12). 1
Prinzip hesteht in folgendem: 30 cem Harn wenden angesauert und mu
Cher ausgeschiitredt, cine Stunde it doppelt normaler Natronlaw
cckoehit und denach wieder angesiinert und einer Wasserdampfilestitlation,
suterworfen, Dadurch werden erst simtliche ditherlostichen Sulistanzen
aafeenmmmen, die Hipprediare zerstort, und die fliichtizen Sinren entferne,
Dann wind der Riekstandd zur Entfernuny der Fettsiiuren nuit Petrolitlh, -
and dann mit Xther ausgeschiittelt. Der Ather wird abgedunstet, d
Pickstand in Wasser gelist nml titriert.

Yor Beginn einer Verfiitterung wurde stets der Durchschnitt o
dherlostichen Restes des 24-Stunden-Urins an mindestens 4 Tagen el
aormalen Vorperiode bestimmt,  Die Berechnung der ausgeschiedes
Mengen nach der Verfitterung erivlgte entsprechend dem Vargelion s
Emmrich wnd Hobne (32), indem wir den so gewonnenen Durehseln.
von dem Titrationswers des Versuehstages subtrabierten und die Diferes.s
wit dem Aquivalentgewicht der hetreffenden Siuren multiplizierten. 1he
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gemeinen scheinen die Dicarbonsiiuren mit hihierer Kohlenstoffzabl teichter
verbrannt za werden [Verkade (6. 11): Emmrich (13)).

Die Resorption der Dicarhonsiiuren - z. B, von Azelainsiure - it
vollstiindig (7). Auch bei Durehfull finden sich keine Dicarhonsiuren
i Kat (1),

In der Arheit von Emmrich und Emmrich Glaser (12) wird auch
zur Frage der Retention der Dicarbonsiuren Stellong penonmiee e
For=cher verfeiterten tivlich 05 ¢ Tetradehandicarbansiure 8 Taze Lang
an zwet drwachsene Butten and verseiften ans hliefend die Tierkdiper,
Retinierte Dicarbonsiuren waren in diesen nichit nachzuweizen,

Rusesowie Harding und Nicholson (1 fanden nach Verabreichun:
von Glitarsiinee eine tubulive, Nepliritis,. - Fodera (13) -+ zit, adds
Friinkel (13) - untersuchte vergleichend nicdere Fettsiuren une die ene
sprechenden Dicarhonsiuren, Er schuich den Eintrin der zweiten Carn.
oxvheruppe eine Herbsetzung der Toxizitit zu. Verkade und Mu-
arbeiter (11) sabien nach sulcutaner Injektion von Disiuren okale Odeme
aufltreten.

L ganzen folut aus den bisherigen Arleiten eine seringe Giftickei
der Dicarhansinren, die mehr als fiinf RNohlenstaffatome hesitzen, wurdes
doch teilweise reehit erhebliche Dozen verwandt oo B velitterten Fony -
rieli und Hohne (12) Yg Sebazinsiare pro Tag. Trotzdem zewann die
Frave der Toxizitit der Dicarbansiiaren eeneutes Interesse, Jda nach Ver
fitterung svnthetisch hergestellter Foite chine Venmelnuny der Dicarbon

siinteausseheidung nicht anspeschlossen ist. Diese synthetiseh Tergestelle

Fette bestehen aus Glveeriden der Pettsiuren werader und ungerader
Kohlenstoffzahl, A der anderen Seite warnt Veskade (3) vor Olen uni
Fetten. die bei Vafutterung eine starke Duacidarie verurachen,

Wir steflten uns dahor die Aufzabe. die Tonizitit cimzelner ausgon hler
Dicarbonsiiuren festzustellen und ihre Kumualation zu privfen. Da sich i
Verlauf der Versuche erzab, daBl die untersuchten Siuren nur gerinue
spezifische Wirkungen aufwiesen, wurden aulerdem ilive Ausscheidungs
~vethiltnisse und ihre Retention im Tierkorper untersucht,

Methodik.

Als Versuchsticre withlten wir Kaninchen und Ratten, Bei diesen
Versuchstieren wurden die zu untersuchenden Subistanzen durch Applikation
it der Sehlundsonde genau dosiert. Wir vermieden dadureh den Nachteil,
duB bei Vermenguny in die Nahrung die zu verabreichenden Lilsangen
mit den Futterresten verschleudert wurden,  Aus denselben Griinden
sahen wir von Versuchen mit Hunden ah, dadiease leieht das Patter, welehe
ungewohnte Bestandteile enthiilt, ganz ablehoen und auflentem, besonders
nach Selilundsondierung. zu Erhirechen neigen. Ferner war es bey Ka-

ninchen Teichter miglich. die relativ grofien Ldsungsmengen - his #n
10 cem - zu Vergleiehszwecken intravenés zu spritzen. Von einer ~ub-
.
L]
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Nach Versuchen von Verkade und seinen Mitarheitern (1) werden
die Fettsiuren im Organismng auller durch #-Oxydution auch dureh e-Oxy-
dation abgebaut, Die Endprodukte dieser - Oxydiution erschieinen o Unin
als Dicarbonsiiuren. 8o fialet sich, wach Verfttterang des Triplveerides
Trieaprin im Harn Sclasinsdore und Adipinsanre, neche Veraeeickune
von Triandecylin sind i Urin Pimelme und Azebinsiure nachanweisen ().
Diese im Harn erscheinenden Dicisbonsiinren sind, vorwiegend  vorn
physiologisch-chemischer Seite, der Ansgnigspunkt zablecicher, never

Unter<uchungen, Dabei wurden — unter anderen  Adipinsiure, Azelain-

iure wnd Sebazinsinre meist in Farihrer wasaerlosbichen Natrimsalze

an Menschen oder an Hunade in Mengen bis ca 20 pro T verfutrer (42 7).
Der gesamte Harn wurde withrend der Verfitterangsperiode gesamedy
and quantitativ auf die verfitterten Disiduren und ihre Abbauprodukt.
untersucht. Jm Harn konnten 30759 der verabreichten Dicarbonsitarer,
wicder nachgewiesen werden. Bei subeutaner Injekiion inderte sich die
Ansscheidung nicht wesentlich (8. 9. 10). Mori (10) injizierte hei Ka-
ninchien subeutan Adipinsiure als Natrivmnsalz — Lis zu 20 ¢ - und fan !
ctwa 50V, der Adipinsiiure im Urin wicder. Verkode und Mitavbeiter (17
kemnten ads erste durch subcutane Jujektion dquimolarer Mengen vo
Wlipin- und Schazinsiure die Ausscheidungsverhiiltnisse zweier Dicarbor.:
sinren einwandfrei vergleichen. '

Emmrich und Hohne (12) verfitterien an menscllichen Versucli-
personen von Tige 2u Tag steizende Mengen-von Azclainsiure — 05 bis [0 g
und bestimmiten fortlaufend den dtherldslichen Rest i 24.8tanden-Uris.
Von jeder Dosis wurde derselbe Prozentsatz, niimlich durchselmittdi
etwa 68 %, ausgeschicden. Bei dieser Versuelsanordnung war es nllurdix::«_
nicht zu vermeiden, daB sich der Teil der Ausschetdunasmenge, der oo
fahrungsgemil erst in Jder 25, - 48, Stmde nach einer Verfiitterung ans-
aeschieden wird, zu der Ausscheidungsmende, die zu der am folzenden Tive
verfiitterten Dosis gebart, addiert. [Niche Tabelle von Emmrich ot
Itihine (12)). Bei Versuchen mit Schazinsiure fanden im Gegensotz
iz Flaschentriger nud Bernhard (4). dad prozentual m so weni.ox

auxgeschieden wird, je geringer die zugefithiten Mengen sind. Im b
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From this we can conclude that the remainder not

in the urine is burned in the metabolism,
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versuchen fidr die Versuchstiere noch niclit tédlich waren. Wir bestimmten
einzeln fiir jeden Tag den dtherléslichen Rest des Urins, und zwar in einer
normalen Vorperiode von 56 Tagen. an den 2 Tagen der Verfiitterung
sowie an den der letzten Verfiitterunyg folgenden 4 Tagen. Tabelle 4 zeigt
den Verlauf eines solchen Versuelis mit Adipinsdure,

Je 4 soleher Versuche wurden mit Adipinsiure. Azelainsiiure und
Sebazinsiiure ansgefithr. Die dabei verfiitterten und wieder ausgeschiedenen
. Mengen int g sind, aus Tabelle 5 zu erschen.

Tabelle 5. Verfiittertennd wiederausgeschicdene Dicarbonsiuremengen
i Kurzfristigen Versuch.

Runinchen Nosis Ausseheidung in g
"'—"——————HG Suure 2 mal - C -'_‘ T T T e
Nr. Gewideht in kg g 1.Teg ‘ 2 fag 3. Tag 4. Tas
3 25 1,00 . 282 ! 205 061
4 23 | Adipinséure f 081 203 - 228 03
5 2.2 ) 1,09 3,08 | 1,44 0,63
6 2.0 l l 1,45 339 ¢ 10w 000
9 0 10 370 355 L1T 0.00
16 19 | o 358 349 - 119 000
11 29 ) .-\zclmnmun-l 432 486 12 010
12 2,1 :l 4,08 4.4 14D 0,00

t 1 .
13 2,0 :l l 398 © 570 ., 020 0,00
2, N . 4.0 566 1 014 - 000
ig ; 2'.} l‘ bclmzum\uro.‘ 4'73 ' 71;4’ L 0s0 . 600
6] e ! 707 0 413 854 | 021 | 000

Tabelle 6 aibt cine Ubersicht der erhaltenen Resultate; hier sind
u
die in je 24 Stunden ausgeschiedenen Mengen in Prozent der verfiitterten
i i ..
cinzelnen Tagesdusen aufgefithrt, Ferner sind die Durchschnitte der Tages-

und Gesamtausscheidungsmengen in % berechnet.

Tabelle 6. Ausseheidung von Dicarbonsiuren im kurefristigen Versuel

Ansseheidung in Y der verfiitterten Einzeldosis,
- 0

Yersueh Adipinstiure Arelalnsiure | Sebuzinskure

Nr. 1L.Tag 2Tug 4 Tapg $.9wg LTug 2.Tag 3.70p 4.']‘..:’1.1‘»“1 Q.Tn;:!:!.‘rng 4. Tag

B ' [
1 {16146 ;30 {10 6@ 60 210 b & 30
2 1h 143 b4 6 @ 612000 b7 80, 2 0
3 20 ' 67 27 13 68 66 | 181 0 , 89 &7 € | 0
4 8 'f0 ;2 i 0 62 63 [22{0 08 I3 0
Purch. i ! | " ! | ;
ahnite: 20 ; b6 ¢ 31 | 7 G4 G4 [ 2| 0 '8 63; 4 0

Duschselnittlioh suagenchicdene Genmtinenge in 9 dor zugefohirten Gesamtdosie
| 67 | i . V2
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dings nach die Migdichkeit ciner irreversiblen Ablazerung an EiwciB- oder
Knochensubstanz. Dies ist aber unwahrscheinlich.
* Zusamwenfassung.

1. Die 'Foxizitiit von Adipinsiure. Azelimnsiiure und Sebazinsiure
wurde durch Feststellung der einmaligen letalen Dosis am Kaninclien
widd der Wirkung mehrvichentlicher Verfutterung an der Ratte bestimt,
Es zeigty sich, dall diese Dicirbonsiiuren elne sehr geringe Gifltwirkung
Liesitzen,

2. Wihrend dieser Verfiitterung wurde die Ausscheidung der Di-
carbonsiuren untersueht, Ber Kandnehen wurde Adipinsiure langsam,

S Rehuzine und Azelainsiure schneller ausgeschieden. Dies berubt auf ver-

sehieden sehneller Rescrption aus den Darm, Die Ratte scheidet alle dred
Siuvren gleich schnell aus.

3. Nach intravenoser Injektion am Kaninchen ist die Ausscheidungsi-
geselawindigkeit. der Adipinsiaure wie die der anderen Leiden Siuren.

1. Bei der Untersuchung der Korper von Ratten. die 4 Wochen lang
viit hohen Dosen Dicarbonaiiuren gefiittert worden waren, konnten keine
Dicarhonsiuren wieder aufgefumden werden. 7 vaus st zu schlicfen.
dai der nicht in den Harn ausgeschivdene Rest im Stoffwechsel ver-
brannt wird,
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vun normalen Ratten vollig iiberein. Sie betragen Uei Ratten, die 4 Wochen
mit Adipinsiture gefiittert wurden. 0.18 Milliiiquivalent, bei den mit Azclain-
siture gefiitterten Tiere 0.14 Milliiquivalent und bel den mit Sebazinsinre
gefiitterten Tieren 0,19 Milhdguivalent gegeniiber dem Normalwert von
0.16 Milliiquivalent. Jeder Wert stellt den Durchschnitt von 6 Einzdd-
werten dar. Die geringfiigizen Alaweichungen licgen im Bereich der natiie-
lichen Streuung. Anch bei der Fettspaltung kounnten in keinem Falle 1)i-
siiuren nachgewiesen werden; die Titration des auf obige Weise erhaltenen
Atherritckstandes ergab die nonnalen Atherwerte,

Diese Ergebnisse, die gegen eine Retention und fiir einen Abbau der
nicht ausgeschiedenen Dicarbonsiiuren sprechen, ethalten ein besonderes
Gewichit, wenn mian die in den 4 Versuchsaruppen verabreichten Gesamt-
mengen dazu in Beziehung setzt. Es wurden z. B. in den Wachstuins-
versucken in 28 Tagen 6.8 g Adipinsiure, 8.8 ¢ Azelainsiiure und 0.4g
Rebazinsiture pro Tier verfittert. Davon wurden etwa 70%; nut dem Urin
ausgeschieden. Nhmmt man eine Retention an, so hiitten z. B. Jdie mit
Adipinsiure gefiitterten Ratten diber 2@ in ihrem Korper zespeichiert
haben miissen. Da es uns in den oben geschilderten Modellversuclien
seling, selbst Mengen von 50mg im R.\ttenl\ur] er weloste Adipinsiiure
nachzuweisen , hiitte uns eine dc art grofle Menge keinesfalls entgehen
kinnen.  Aueh der Nachweis von Abbaupradukten hiherer Disiuren
nach deren Verfiitterung (6) sowie die Versuchsergebnisse von Fwawnrich
und Emmrich-Glaser (13) nach Verfitterung von Tetradekandicarbon-
siure sprechen gegen eine Speicherung von verfiitterten Dicarbonsinren.

Diskussion der Verruehsergebnisse,

“Alle drei untersuchten Dicarbonsinren sind sehr wenig piftig. Redhinet
wan die letale Kuninchendosis auf den Mensclien um, so ur;_x]n. sich, dafl
erst. Mengen von ither 250 ¢ bei ciner normalen Versuehsperson tadlich
wirken witrden.  Eine Kumulation ist nur bet der Adipinsiure und da auel
nur beim Kaninchen festzustellen. Die schidliche Wirkung Leruhit bei
dieser Substanz auf ibrer linpsamen Resorption und den dadureh bedingten

Erechieinungen im Darm. also nichit aufl resorptiver Wirkungz, Da dic

Geschwindigkeit der Ausccheidung schineller ist, als die der Resorpiios
aus dem D'\rm ist es wenig “ulmdwmlu D dal @berhanpt resorptiv
Wirkungen auftreten.

Azelain- und Sebazinsiure fithren beim Kaninchen in sehr hohe
Dusen sz Kriimpfen, -+ Weiterhin st auffillig. daB Ratten die bei,
Kaninchen beobachteten Kumulitionserseheinungen naeli Adipinsivr
verfiitteruny nicht zeigen.

Eine Retention der verfiitterten und nieht wieder ausgeschieder.-
Diearbonsiiuren findet nicht statt, denn die von uns verfiitterten Dicarbor -
siduren waren in ungebundener Form nicht nachzuweisen. Fs bliehe aller.
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. Retention.

Wir untersuchten Korper von Ratten, die nach Beendigung der
Wachstumsversuchie, 72 Stunden nach der letzten Dicarbonsiure-Ver-
fiitterung. getitet worden waren. Ebenso wurde mit den erwachsenen
Ratten verfuhren. die 4 Wochen lang mit Dicarbonsiiure gefiittert worden
waren. In bLeiden Fillen wurden die Tiere erst dann getitet, als die Di-
carhonsiurenusseheidung in den Harn bereits beendet war.

Die getiteten Ratten wurden in toto mit einer Fleischmaschine zer-
kicinert und der so erhaltene Brei cine Stunde mit der 10fachen Menge
98 %,igem Alkohol gekocht. Die entstandene Flissigkeit enthiclt etwa
10, Wasser und vermuehite Dicarbonsiinren sowohl als freie Siiuren wie als
Salze bei 70 in geniigender Menge zu losen. Jm Falle einer Retention
hiitten die nicht gebundenen Siuren in diese Fliissigheit tibergehen miissen,
Der wiisserige Alkoliol wurde angesiiuert und der Alkohol dureh Vakanmn-
destillation entfernt. Der wiisserige Riickstand wurde zuerst mit Petrol:
ather auszeschiittelt, Wiendurch wurde das dureh den Alkohol extrahierte
Fett entfernt und nach Albdunsten des Petrolithers isoliert gewonnen.
Die wiisserige Fliissigkeit wande danach wie Urin behandelt und in iiblicher
Weise ihr dtherloslicher Ritekstand bestimmt. Um die Annahme aus-
zuschfieBen, dall die Disiuren im Falle ¢iner Retention in die Fettmolekiiie
cingehaut seien, wurde das gesomdert gewonnene Fett it alkohobscher
Kalilauge verseift und die erhaltene Seifenlixung angesiiuert. Durch Aus-
sehiitteln it Petrotither wunden zuerst die Fettsiiuren entfernt. Danacli
wurde mit Ather ausgeschiittelt, der Xther abgedunstet und der Riickstand
wie iiblich titriert.

In Vorversuchen wurden auf diese Art normale, unvorbehandelte
Ratten untersucht und der durchschnittliche Wert des ditherloslichen
Testes ihres Korpers bestimmt, Dieser Wert, aus den Kinzolwerten von
8 Ratten gewonnen, betrug 016 Milliiquivalent pro 100 ¢ Ratte. Ferner
wanden normaten Ratten intraperitoneal jede der dvei Dicarbonsiuren
als Salze und alz Siuren gespritzt, die Ticre anschlicfiend getitet und
der itherlostiche Rest ihres Kirpers bestimnt, Auf diese At Konuten
2. B. von 100 mg eingespritzter Adipinsiture durchschnittlich 2/ wicder-
gewonnen werden, Der Wert des ditherlislichen Restes war deutlich ge-
sticgen und es war damit hewiesen, dall unscre Methode hustande war,
retinierte, in Kirper geliste Dicarbonsiinren nachzuweisen.

Die Untersuchung des Fettes noraler Ratten ergaly, daBl bei seimer
Spaltung, wie nicht andérs zu erwarten, keine Dicarbonsiuren aufteeten.
Die ‘Fitricrung des Rilckstandes nach Alulunsten des Xthers ergab die
fiir den von uns Lenutzten Xther diblichen Werte von 0,02 0,04 Milli-
Aquivalent, ‘

Die Werte dex itherloslichen Restes, die bei der Verarbeitung der mit
Dicarhonsiiure gefitterten Ratten erhadten wurden, sthnmen mit den
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Tabelle 7. Ausscheidung von Dicdrbonsduren bei 4 Wocken langer Ver-

futterung an Ratten.

(Ausscheidung in Milliaquivalent.)

—

5,73 H62
a1 5,68

647 G498
uh3 6,72

Natie 1 und 2: Rurie 3 und ¢: Y Hutte 5 unu 6:
PSR L Verfitterang Verfinerang Veofuiterung
Veisuchstay | vob 0,73 g Adipiuskore von 0.94 & Azelnskure von 1_02 & Bebazee - tare
pro Tier pro Tier pro Tier
’ . i

T 051 034 ‘ 046 0,48 04 A8

2 0,34 0.39 . a8 0,43 051 047

3 047 028 ' 0,36 1,55 LB (O4b

4 0,43 0,33 048 0,38 049 0,60

5 5,28 518 G0 6.50 580 6,22

6 527 b6 G644 6,67 s52 G

7 311 4.0 42 682 G 6,00

8 543 5,30 6,37 6.81 Ghh o 608

2]

3

4

5,75 0,54
bth  H.205
534 5,37
597 5,19
6,61 5.50
5,64 5,42

G637 G
{21 S ]
686 7.22
B8B4G 6,140
692 6,05
681 %13

541 5,51 ; 4.06 o 67
555 531 ; 61 G837 ‘
048 0,32 j 0,45 0,44 .
(0,42 0,338 i 040 0,33

Durchachmittswerte der norialen Vorperiode
0,45 0,34 | 042 0,47 : 0,50 0,53
Durchschnittswerte withrend der Verfutterung:
5,50 5,41 ! 6,67 6.88 6,01 6,27
Durcheelinittsvwerte der Ausscheidung in g withrend der Verfnttoru:
049 0,49 i 0.62 0,53 i 0,62 0,04

Durchschnittswerte der Ausscheidung in €4 der pro Tug
verfutterten Dosis:

67 67 - 66 67 1 61 4

iiher Toxizitiit geschilderten Ergebnissen.  In:Lesondere findet sich kel
Kumulation und keine Lingere Ausscheidung vacl der letzien Verfiitiern

Die nicht ausgeschicdenen 309, der gesamten verfutn sten Divarls
siurentengen konnen entweder verbrannt ader gespeichert worden s
Letztere Miwlichkeit besal von vornherein wenig Wialirscheinlichk. 1
denn man hiitte dann erwarten miissen. dall die gespeicherten iear
siuren nach Albsetzen der Zufuhir doeh noch zur Ausscheidung cekomy: -
wiiren. Trotzdem haben wir aber dieser Frage einer evennellen Retent o

rusiitzliche

Untersuchungen gewidmet,
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nmit intravendser Tufusion folgt aber ferner. daBl sogar mehr als 3 g der in
die Bluthalin gelangten Adipinsiiure keine schidigende Wirkung besitzen.
Somit ergibt sich aus dieser Betrachtung der - Ausscheidungsverliilinisse
cine Bestittigunyg der oben von uns geiiuBlerten Ansicht, dafl der Tod des
mit Adipinsiture per as vergifteten Kaninchen keine Folge der in den
Korper, by der in den Stoffweelisel gelangten Substanz ist, somdern anf
Jdie i Darmozuriickgeblichene Menge Adipinsiure zuriickzufithren ist.
die ilrersgits das Wasser aus dem Rirper an sich zicht.

Nuch der Injektion in die Ohrvenen entziindeten sich jeweils dic
Ohren und nekrotisierten oft teilweise. Dies ist jedoch unspezifisch und
anf die sturke Konzentration der eingespritzten Losungen zuriickzufithren.

Das Verhalten der Dicarbonsiiureausseheidung bei lingerer Verab-
reichung warde an Ratten untersucht. Der allzemeine Verlauf des Versuchs
ist bereits oben geschildert worden. Je zwei erwachsene Ratten von 300 «
Cewicht wurden 4 Wochen Lang tiglich mit Adipinsiure. Azelainsiure und
Relazinsiure gefiittert, Die Ratten erhiclten 17 Aquivalentgewicht der
betreffenden Sinre pro Tier. Withrend der 4 Wochen wurde der Dicarbon
siinvegehalt im Harn in der ersten Waehe 4mal, in den folgenden zwei
Worhen jo 3mad, in der letzten Woche wieder 4mal bestimmt, aullerdem
noch an 4 Tagen einer yormalen Vorperiode und an den zwei der letzten
Verfitterunyg folgenden Tagen, Der Harn wurde fiir jede Batte getrennt
withrend 24 Stunden gesanelt, ant Spiilwa ser auf 250 com aufyefidl
und von dieser Menge S0 cem wig iiblich auf Dicarbonsituregehalt unter-
suchit. In Tabelle 7 stelien fiir jede Ratte die Werte des ditherloslichen
Restes in Milliiiquivalent in der nornmlen Vorperiode von 4 Tagen, danach

vom H.- 32, Versuehstag — die Werte withrend der Verfiitterung und
sum Schlufl die Werte der ersten beiden Tage, an denen die Tiere nicht:
mehr verliitters ethielten, Die letzten zwel Zeilen zeigen Durchsehnitts
werte der in 24 Stunden ausgesclicdenen Dicarbonsiture inog ound °0

Bei Betrachiung der Tabelle 7 fillle zuerst aufl dal bei Ratten nach
der oralen Veralireiehung von Adipinsiiure sofort am 1. Tage dersclle hoiie
Prazentsatz Adipinsiiure ausgeschieden wird, wie bei den anderen boider
Dicarbonsiiuren.  Auch steizen die Milliiguivalentwerte des dtherlostichen
Restes im Harn am 2. Tage der Verfiitteruny bei keiner der drei Dicarbon-
siiuren weiter an. Auberden st hei jeder der drei Dicarbonsiiuren die- Aus-
scheidung bereits in den ersten 24 Stunden nach der letzten Verfiitternng
heendet. Al dies steht i Gegensatz zu den Befunden beim Kaninelen.
Von Anfang his Ende des vierwichentlichen Versuches bleibt die Aus
scheidung sowolil hei Adipin- wie auch hei Azelain- und Sebazinsiure-
verfiitterung im Rahmen der natiihichen wnd der durch die Versuchs-
technik hedingten Streuuny konstant. Die tiiglich ausgeschiedener Mengen
sehwanken nur zwischen 60 und 70%,. Dieses Verhalten spricht gegzen
cine Schiiligung des Rattenorganismus durch die von uns verfiitterren
Dicarhonsiuren und steht i Ubereinstinmung mit dem im Absehnitt

.
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In Tabelle 5 und 6 ist als 1, Tag jeweils dor Tag gerechnet. un dem
zum ersten Male etue Verfitrerung siattfinder. Yier allen drei Dicarbon-
siuren ist nach aweitigiger Zufuhr am 3. Versuchstag die Aussclicidung
beenrdet. Die Gesamtausscheiduny bewegt sich zwizehen B¢ und S0
der zuwefiihrten Mengen. also in den auch von anderen Unter-ucliern
aefundenen Grenzen, Weiter fitlirte die Betrachtung der Ausscheilung
an den einzelnen Tagen wihrend und anach der Verfiitterung.

Dabei erwies sich, dafb Azelalnsiure bereits am 1. Tage zu etwa 649
ausgeschieden wurde, dag ilire Ausseheidung aneh am 2 Tage dor Ver-
fitterung nicht weiter ansteigt und dadd sie nach der letzien Verabraichung
Jder Rinre innerhath 48 Stunden beendet ist. Dagecen erreicht die Adipin-
<iureausseheidung ihr Maximam erst am 2 Tage der Verfiitterang, d. L.
Junn. wenn sich die Wirkuny der 20 Zufulir zu der der ) Verfiterung
addiert. Sie betript dann 53¢
Aulerdem ist sie meist erst it dem 3. Tage nackoder letzten Verfutterung

peaeniiber 207, des 1T Versuclctiues.

Leender. Die Sebaansiure ninmnt cine Mittelstellung eine Wie Ler der
Vzelainsiiure betriet ihre A scheidung am 1 Versuchstag beinahe 609
der verfitterten Einzeldosis, aueh ist thre Ausselividung bereits wm 3. Tage
pach der letzten Verfutterung auf 0 gesunken. Dagegen steigt, wie bei der
Adipinsiure, die Ausscheidung am 2. Tage noch an.

Die Ursache der besonders verzigerten Ansscheidung der Adipinsiiure
=t wohl i der Tangsamen Resorption divses Stoffes zo suchen, die wir
i auch an dem abnormen Flissigheisgehadt des Dormes nad der Yer-
fSitterung heabachtet hatten. DaB dies abweichende Verbalten der Adipan-
Jiure tatsiichlich auf verzigerier Resorption und nicht auf Nerzogerter
Ausecheidung beruht, konnten wir nachweisen, indemn wir diesellbe Menge
\dipinsinre in zwel Versuclien intravenbs spritzten. Wir vernoideten
dabei Kaninclien, bei denen die Ausseheidanyg Jdieser Dicarbonsiiure nivch
Verfiitterung bereits untersucht worden war. Bel intraveniscr Injektion
wanle Dbereits am 1. Tagze DY %%

4 bei dem einen, 71%, Lel dem anderen
Kaninehen ausgeschieden. (Die Prozentzahlen verstehen sich avch hiee
wivder als P'rozent der verabreichten Einzeldosis.) Ferner war die Aus-
heidung bereits in den ersten 24 Sturaden nach der zweiten Verabreichung
heendet. — Die Gesamtansseheidungsmenge nach intravendser Injektion
von Adipinsiure lag nur wenig iiber der bei oreler Verabreichung.

1n einem Falle iiberlelte das Kaninehien nach oraler Verabreichung
der letalen Dosis von ‘~‘,’,,...‘\'|;uiv:dmng«-\vic]n, d h, 4862 Adypinssure
pro kg Tier, nuch die ersten 21 Stunden nach der Vefitterung, Ia Urin
wurden withrend dieser Zeit 2.03 ¢ Adipinsiure ausgesehieden, Aus dem
Ergebnis der intravendsen Injektion dieses Stoffes folat, daB von der wirklich
in die Bluthahn gelangten Menze ctwa 2/, ausgeschieden wird, Dain dicsen
Falle nueh unserer itblichen Bereehunng 2,05 g ausuesclineden waren,
nrdixsen alzo etwa 3 g resorbiert worden sein, das sind nur 2194, dev in dlesem
Falle eingefithrten Menge von 14,1 g Adipinsiure. Aus den Versuchen
aie
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625 ccm hot water, filter, and acidify with 24.6 ccm (n=1.98, 2 mol.)
acetic acid., After standing in ice, we syphon off, wash with water,
squeeze out for tint, and dry over the water bath for constancy.
Yield is 8.8 g or 90%. Melting point 1259, sintering at 1200, After
one recrystallization from hot water (10.26 g in 250 ccm) we obtain
snow white needles (9.6 g or 94%) with a constant melting point of
126,50, sintering at 123°C.

For analysis we dried to constancy in a vacuum with P205'

4,602 mg substance yielded 10.050 mg €O, and 3,850 mg H,0.

4,810 " by " 10.520 * CO " 4,070 " HS0.
3,155 v n " 0.188 ccm N at 759 mm and 1%0.
3,630 " " " 0.215 cem N at 764 mm and 180,
ClOH1903N (201 mol. weight)
Est. C 59.7% H 9.45% N 6.96%
Found C 59054, 59.64 H 90369 9.47 N 7.01, 6-97-

The crystals are optically positive, partly inclined, pavt:y
disappearing in longitudinal direction, ccording to the surface for-
mation. Very often, we see cigar-shaned single crystals beside the
star-shaped prisms.

Sebamic acid is nearly insoluble in ether, in contrast to sebacic
acid, from which it can therefore easily be separated. In other
organic solvents, except for benzene, petroleum ether and chloroform,
it is easily soluble.

Behavior of sebamic acid in relation to acei:in acid. 0.3 g sebamic
acid are boiled with 15 ccm acetic acid (n=1.98) for three hours in
a reflux cooler. After cooling, 250.3 mg or 83.5% are recovered.
Melting point: 1200 sintering. 125 -1260 definitely melted. Mixed
melting point with pure sebamic acid is 125-126°C; with setaci~ ncid
sintering at 112°, melted at 116-120°C. Sebamic acid is resistant
to acetic acid.

Behavior of sebamic acid in relation to hydrochloric acid.

0.300 g sebamic acid are boiled with 15 ccm diluted hydrochloric acid
(2 n ) for 3 hours at reflux. Wwhen it stands, boric acid-like

flakes crystallize: 280 mg, or 934, Melting point wp to 1280 un-
changed, at 129° there is beginning sinteing, a2t 131° like thawing
ice, at 133-1340 melted clear. Mixed melting point --ith sebacic
acid as above. Mixed melting point with sebamic acid: sintering at
115-116°, melted at 1179! Sample soluble in ether. Cooking with
diluted hydrochloric acid disintegrates sebamic acid quantitatively.

Behavior of sebamic acid in relation to soda., 0.3001 g sebamic
acid mre boiled with 15 ccm soda (2 n) for 2 hours at reflux. After
cooling, acidification with acetic acid and syphoning at room tem-
perature yields 250 mg or 83%. Melting point at 110°shows sintering,
clear melting at 120°. Mixed melting point with sebamic acid: sintering
at 1150, clear melting at 124°. No depressicn! Boiled with about
60 gem ether, filtered. The ether insoluble matter now sinters at
120° and becomes clear at 125 to 126°. Thg ether-soluble crystals
sinter at 120° and become clear at 126-127"., Their mixedomelting
point with sebacic acid: sintering at 1240, melted =t 1280. Melting
point with sebamic acid: sintering at 115, melted at 1207.

Boiling with soda attacks sebamic acid only slightly.
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II. Experimenta with Sebamic Acid
a) Sebamic acid ethylester CO(NH2) '(CHZ)S . COOCZHS

25 g sebacic acid monoethylester (melting point 370) according to

Grén and Wirth were heated with 60 g thionyl chloride for one half
hour in a water bath with reflux, then the remaining thionyl chloride
is separated into a vacuum, The yield of crude, brownish-colored
chloride is 27.0 g or 100%. The chloride is then carefully poured
into %OO cem ice-cooled concentrated ammonia. The temperature rose
to 25°C. The precipitated sebamic acid ethyl is mixed with about
500 ccm ether, washed neutrally and dried with sodiug sulfate. The
ether left behind 18.4 g or 87.5%. Melting point 70°C.

Recrystallization. 17.8 g are dissolved brown in 70 ccm eth-r
at reflux, another 10 ccm ether are added, as upon coolin;r, everything
freezes into a crystal sludge. From this, 11.6 g are precipitated
white with 100 ccm petroleum ether; this is equal to 65%. Melting
point is 70-71°.  From water, in which the amide ester is about
1:700 soluble in heat, there come snow white, optically positive,
fine needles tapering in longitudinal direction, and having a boric
acid-~like appearance. Mel*ing point 70-719. I[n methanol 1:2 and
in ethanol very soluble. For analysis, dried in a vacuum with phos-
rhorous pentoxide.

4.905 mg substance (from ether-petroleum-eth.,) yielded 11.300 mg C02,

4.4%0 mg H,0.
4.380°mg substance (from water) yielded 10.100 mg CO,, 8.990 mg H,0.

3.600 mg " yielded 0.194 ccm N at 75 mm and 18,
4.020 " " " 0.214 " N * 764 " " 1800
012H2303N (229.19 molecular weight)
Est. C 62.83% H 10.11% N 6.31%

Found C 62.84, 62.88 " 10.10, 10.20 " 6.31, 6.27
Sebamic acid, COOH(CH2)8 - CONH,

Preliminary experiments had shown that the baryum salt of sebacic
acid, the acid ester, and sebamic acid is insoluble in methanol.
Sebacin diamide is resistant to boiling methanol barium hydroxide
solution (n/l). Diethylester and also sebamic acid ethyl yield a
crystalline precipitate only after standing in the cold (2 hours and
20 minutes). Thus, it had to be possible to saponify the
ester group upon careful treatment of the amino group, as the reaction
product immediately precipitated from the system.

11.65 g sebamic acid ethyl were dissolved in 20 ccm absolute
methanol and mixed with 61 ccm (0.835 n) methanolic barium hydroxide
(+ mol.). After 1% hours a crystal sludge forms. However, the
conversion is not complete until this is heated, after 15 hours of
standing, for five minutes in a water bath, until the reaction has
become neutral. After cooling, we syphon off, wash with methanol and
dry over the water bath. Yield of sebamic acid barium is 13%.05 g,

or 96% of the theoretical. . _ _
To isolate sebamic acid, we dissolve 13 g of the barium salt in
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the brown extracts, 5 g of unaltered adipic acid with a melting
point of 1509C and the same mixture melting point could be obtained.
From the remains, only a few more milligrams crystallized in the end.
The acid, like suberic and sebacic acid, can be washed well with
acetylester, Thus 50% of the adipic acid is decomposed.

b) Suberic acid

10 g of pure suberic acid (Merck) were introduced in the same
manner as the adipic acid, and the urine processed in the same way.
The dog weighed 4.3%7 kg and received 0.5 g twice daily. 1.5 g of
crude allantoin crystallized from the concentrated urine extracted
with ether. 0.6 g of pure allantoin were obtained upon recrystalli-
zation from water. Here about 50 mg of brown masses were obtained
as a water-insoluble residue, which yielded 8.9 mg of not quite
pure uric acid after treatment with glacial acetic acid and repreci-
pitation with caustic soda and hydrochloric acid. All the uric
acid reactions according to Hoppe-Seyler-Thierfelder were positive,
Also, the characteristic crystal form of uric acid (Behrens-Kley,
microchemical analysis) from diluted acetic acid was observed under
the polarization microscope. However, the ultimate analysis yielded
no indisputable proof.

4,%60 mg substance yielded 7.690 mg CO,, 1.500 mg H,0, 0.034 mg
residue.

2.145 nmg " " 0.340 ccm N at 756 mm, 20°.
Est. for uric acid C 35.69% H 2.38% N 33.33%%
" " kynuric acid " 63.5% " 3,7 % " 7.4 %
Found " 48,09% " 3,85% " 18,32%

From this it results that the uric acid was not pure. I succeeded
in recognizing kynuric in what remained by its Ba salt, which is very
characteristic under the mieroscope. Thus, uric acid is determined
in the case of the dog fed exclusively with a rice diet, with which
the nitrogen minimum is nearly attained, and it would be interasting
to verify whegher uric acid, also in a case of nitrogen minimum, is
a normal metabolic end product of an ordinary dog, not just the dal-
matian.

6 g, or 60%, unaltered suberic acid were found in the ether
extracts. The melting point and the mixed melting point were 130°C.

c) Sebacic acid

10 g of sebacic acid were injected subcutaneously to a 21.2 kg
dog, after a three-day preliminary period, in two daily doses of 0.5 g,
as a sodium salt. The urine of fourteen days was processed as above.
Here, too, the allantoin (3.3g) had small black lugs dispersed throughout
it (0.3 g); these often collected into dumbbell and grapelike forma-
tions. They definitely contain kynuric acid (Ba salt). Precise
testing for uric acid is in process., The appearance of the lugs
clearly resembles the spherulites that are obtained when the urine of
a dog fed extensively with meat is acidified according to the method
of Meissner and Shepard.

0.15 g, or 61%, unaltered sebacic acid were separated from the

ether extracts. The melting point and mixed melting point were 1320C,
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it was best to test the amino group. W. Dieter24 tested the
nplitting capacity of yeast in relation to amino acids, and determined
that pure yeast does not attack asparagin, acetamide and some
aromatic amides as long as it does not rise. In the animal body,

the amino acids that are foreign to the body are in many cases

not very easily oxidizable25, Phenylacetic acid and mandelic acid
amide are attacked only slightly (unpublished observation of Thomas).
While malamide is hard to burn off, succinimide is burned off nearly
comnletely. Of the semi-amides, oxaminic acid moves to the urine
partly unaltered; only asparagin and glutamin are decomposed easily
and completely.

There are no other biological observations on semi-amides.

We therefore made sebamic = acid. Rowney26 and Kraut27 indicate
that they obtained it by letting the diethylester stand with ammonia
and distilling ammonia salt. They presented no details. Etaix28
mentions only the melting voint of 170°C. We were not able to obtain
the acid with a melting point of 170°C. Perhaps Etaix was dealing
with a mixture of di- and monoamide. Sebamic acid melts at
126-127°9. We obtained a goodly amount by converting the diethylester
of sebacic acid into the monoethylester according to the method of
A. Gr#in and Th. Wirth29, obtained the corresponding chloride with
thionyl chloride, and converted this into the amide ester with ammonia.
Partial hydrolysis was accomplished with methylalcoholic baryum
hydroxide. Before we injected the sebamic acid, we studied its
resistance to acids and alkalis. It can be re-obtained in goodly
quantities from urine. Processing of the experimental urine yielded
only 10% crude and 5% pure. Sebacic acid was not found. Thus,
sehamic acid, in contrast to the dicarbo xylic acid, had been nearly
completely decomposed.

Experimental Part
I. Injection Experiment with Diearboxylic Acid

a) Adipic acid

10 g of pure adipic acid were injected under the skin of 4
young dogs*) (7.35, 5.00, 6.3, 5.2 kg) in the form of a sodium salt,
in 2 daily doses of 0.25 g each, once in the morning and once in the
evening. After 5 days of this, the urine was collected for another
3 days. The dogs were fed only with rice cooked with salt and water.
The preliminary period lasted 3 days. The urine was concentrated by
evaporation together with the cage wash water,

Reforehand, I determined that in the case of an hour-long
steam distillation of the three dicarbonic acids used here, no trace
was transferred into the distillate.

The evaporated urine (about 150 ccm) was extracted with ether
in soxhlet until crystals of kynuric acid, which is insoluble in
ether, were precipitated onto the flask walls (5 days). The individual
ether extracts were processed partly separately, partly together. From

*) Between the fifth and sixth days of injection, one animal perished

from subacute, yellow liver atrophy. There is no connection between
the introduction of adipic acid and the cause of death, as the other
three animals remained perfectly healthy.
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at the same time is noteworthy. In the fall of 1922, at our request,
Dr. Andersen of 3t. George's Hospital in Leipzig tested the ab-
sorbability of adipic acid on men and dogs, since it was of .~
industrial interest to know whether adipic acid can successfully
replace the more expensive citric acid.

Dr.E. Andersen's Feeding Experiment with Adipic Acid
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Key:

A. adipic acid

B. oxalic acid in the urine
a. fed; total per day

b. eliminated in the urine
c. preliminary period

d. exvperiment

1. dog (10 kg)

2. Andersen

%2. female patient

4. bact. coli

5. does not convert adipic acid

According to these results, the dog attacks adipic acid much
better than humans. No adipic acid was found in the feces of the
dog. In our experiment, 42% adipic acid was found.

After the conclusion of my tests, GCregg-Smith22 reports in a
short note that pelargonic acid fed to a dog is completely burned off,
while azelaic acid is eliminated up to as much as 40%. Thus he
refutes the view of Leathes (1808), contending that the biological
fatty acid decomposition deposits the unsaturated group of higher
fatty acids that are prepared by nature. If this were the case, then
even oleic acid would have to act antiketogenically, as it would
have to split into azelaic and pelargonic acid. Most experiments
so far have been performed only with fats, i.e. glycerides. In this
connection, it must be pointed out that in the case of exclusive
feeding of pure butyric and oleic acid to a pig, 23, surprisingly
no acetanuria and no acidosis appeared, in spite of minimum N.

Our experiments with suberic and sebacic acid confirm the
experiments of Baer and Blum. 60 or 40% is eliminated in unal tered
form,

The next assumption is that the second carobxyl group impedes
the decomposition of the long normal chains. We therefore attemnted
to lock the COOH group biologically while maintaining the chemical

acid nature. Because they split easily, the ester, anhydride and
chloride groups are not suitable for this. Nitrils are toxic. Thus,
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only in the case of the low acids. Hans Huller9 obtained lactic
acid from fumaric acid by means of yeast fermentasion. Juda Hirsch
Quastell0 was able to..separate pyruvic acid and acetic acid from
succinic acid and fumaric acid after fermenting with Bae. pyocya-
neus. Recently, Momose Goroll believes to have obtained acetone
with malonic acid in two cases of bleeding a liver, and EE formulates
deecomposition through acetaldehydealdol. Baer and Blum =, however,
found no effect of malonic acid, succinic acid and pyrotartaric
acid on the acetone bodies, sugar and N excretion in phloridzine
dogs. However, in their liver bleeding experiments, Baer and
Bluml3 and Friedmann!4 were able to determine, using branched dicar-
boxylic acids as a characteristic, that the COOH group binds
very strongly, in contrast to the Tgthyl group. It is very striking
that of the higher polybasic acids™ 7, except for glutaric acid and
ctric acid, only a few have thus far been isolated as components
or plants and animals. Recently H. Wieland and Allesl®6 found
suberic acid incorporated as suberylarginine in bufotoxin, the
poiscn of common toads (PRufo vulgaris). In Japanese and carnaubs
wax the high dicarboxylic acids C,., C are present, according to
Schaall7, 'with the exception of &&hligsacid, the dicarboxylic acids
are very slightly or not at all toxic. Then, with increasing
methylene count, toxicity even decreaseslB. However, as W.Rosel9
recently determined in his research on the effect of dicarboxylic acids
and their derivatives o: the kidneys, glutaric acid produces a
tubular mephritis with erosion of the glomeruli. 1Its Ca salt
igs not a cause, as it is more water-soluble than the non-toxic form.
The higher acids, adipic, pimelic, suberic, azelaic acid, on the other
hand, damage the kidney only slightly. Rose believes, since the
acids with an even carbohydrate count are as non-toxic as those with
an uneven carbohydrate count, that they are not decompnsed »n the
path of‘@ -oxidation, as otherwise the more toxic glutaric acir
would have to appear as an intermediate product. If this view i:
correct, then in a metabolic experiment, no adipic acid could bLe
found from suberic acid, and no suberic acid from sebacic acid.
At the same time, we were interested in the question of whether
B -oxidation might not attack both completely equal carboxyl groups
at the same time, and the decomposition in the cgse of the dicarboxylic
acids takes vplace in two places. Baer and Blum? injected phlorizine
diabetic dogs subcutaneously with large daily doses (7-10g) in order
to study sugar elimination and acidosis. Nitrogen, sugar, acetone
and oxybutyric acid elimination decreased with the C —C7 acids and
C., - C atoms. Azelaic and sebacic acid decreased on?y acidosis
and otherwise had no effect. The cause did not lie in a varying
gradual combustibility. Processing of the urine from the day of
injection yielded 12% adpic acid, 47% pimelic acid, 62 and 56%
guberic acid, 50% azelaic acid and 45 and 13.6% sebacic acid as
unaltered acids. However, the low combustibility of the acids was
not yet proved in these injection experiments, as the organism was
overwhelmed at once with very large amoumts. Hnowever, as the authnrs
themselves pointed out, more acids could be eliminated in unaltered
form in the following day92l ‘

Ten years later, Mori studied adipic acid in the rabbit with
respect to the decomposition of muconic acid, and found 61.3% in
the urine. The increase in oxalic acid (3-4 times) that occurred
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INFORMATION ON THE METABOLISM OF FATS
V1.

ACTION OF DICARBCXYLIC ACIDS AND SEBAMIC ACIDS IN THE
ANIMAL ORGANISM

by
Boniface Flaschentréger

(¥rom the Physiological-Chemical Institute of the University of
Leipzig)*
(Submitted to the editorial office on August 11, 1926)

In the study of fatty acid decomposition, only a few inter-
mediate vroducts have been identified so far. 1In defense of the
theory of ﬁ3—oxidation,'Dakin , answering Friedmannz, determined
the presence of [ —oxypropionic acid and acetophenone in the
animal organism during his resegrch on the fate of phenylpropionic
acid in the animal organism. In the @-oxidation of succinic ac®!,
Batelli and Stern’ observed inactive malic acid. Einbeck? then
hroke the dehydration process down further to fumaric acid, and
hydratization to malic acid.

The search for other easily accessible models of higher fatty
acids led us to the dicarboxylic acids., It is notable that Baer
and Blum® had found succinic acid in the urine of phlorizine-diabetic
dogs after injecting them with large doses of flutaric acid. Even
though the amount was quite small and only qualitatively determined,
it was still plausible to assume that succinic acid could be a
derivative of glutaric acid6 since it is not otherwise found in dof
urine. The data of Meisner® (1866) concerning the abundanﬁe of
sucecinic acid in dog urine were not confirmed by Salkowski (1871)
and LangoB (1877). 1In the light of what we have presented so far,
this is not quite comprehensible, as glutarie acid would have to
be converted into malonic acid. The lower normal dicarboxylic acids
up to Cg are easily burned in the animal hody, with the exception
of oxal?c acid; the same is true of the corresponding oxydicarboxylic
acids, with the exception of tartaric acid. The separation of a
carboxyl group from dicarboxylic acids is definitely observed, but

*pccomplished with funds from the Research Aid Society of German
Science.
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are: bel 1249 sinterny bei 12530 gesehmolzen.  Schimelzpunlt
it Sebamidsiure bl TIH® sintern, hei 1200 geachmolzen!
Kochien mit Soda greift die Schamidsiiure nur wenly o

Tierversuch,
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Die Krystalle sind optiscel: positiv, in Linasriehtung v

Tl schief, zum Teil gorade cuslischend, jo nach Fhiclien.
an~bildmg. Sehr oft <ickt wun neben den zu Sterven an.
roordpeten Yrismen Finzelbyy-tdle von Zi; arrenfornn.
‘ Die Schamidduwre st oin Ather nahesu  unloslich i
Geponsatz e Schacin e, von der sie dadurch gut g
trennt werden Joonn lo den sonstien orpouischen Lisungs.
mitten auber Denzol, Petrolither, Chloroform ist sie gu!
Tostioh,

Verhalten der Pelimidsiure gegen Essigsivee
0,2 ¢ Sebamidsire worden anit 1b con Fssgsitare (0 =+ 1,9,
3 Stunden wa Riekilubhithler gekoeht. Nach dem AbLiihlon
werden 250,70 my == 855¢/ 0 wiedererhaiten,  Schmclzp: 120?
sinterin 31920--12690 100 gesehmolzon, Mischselelzpankt mit
reiner Selwonidaiinre 1257969 C; mit Sehacingiiure: siotoin
1120 condonolzen 11621200 G, Gegen Fedigsiure istSelivd
Siore bosthndipn

Verhalten der Scehamidsiure gegen Salzeiuge
000 ¢ Schmnidsiure werden il 1H eem verdiinnter Salv G

oy o stwdo s Rac e gekoehd. Dioim Steben Jayst
sheren Losaeeitmlichie: Schappen: 2800000 9800 Rehi
pur bt bis 122 unvardmderty bel 129¢ herinnende St
Vi 151 wie fauendes 1955, bei 130 —1a1® Loy geselone’s 0
Mol elmrelpun it Sebeeinsiiure gonsn wie vorher, Mol
colirodspunkd anit Nehonddofure, Sinterang her T -~ 1187
coocbaneloen b 1! Prohie in ,t‘;‘.'t:('r Joshieh, Kochrn v
verdannter sn b sawre zesiirt Sebnidsiur e quaanbitidiv,
Verholten von Sehesidsiure geren Soda, 00001
Sebomidsnoe werden mib 15 cem Sodi (23 2 Ninden o
Kaclilul ¢ oehte Nach dem Erlmdien worde mt Jesioioay

i

: Cend abiresanet Vel Znnerton e it 200y T8
Schmel pidit bei 1100 sintern, el 1200 Llar, AMischeolaed -

N U

punkt mit Sehamidaiore:s bei 3159 sintorn, hei 124° Lo

,‘
T
P

eine Depres don! 2HE etwie 60 com Sther pekocbt, dilaed.
Athieronlodiches sintert Jetat bei 1200 wnd wind Kl hei B
Bis 126 0 Die Gl o0 Ry tadle o torn bed 12007 2

werden Ll Lo 126 - 1270 Hhr Miseb el punktiei sebass: -
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Schamidsiiure, COOH/CH,),-COXNH,.

Vorversuche hatien gezeigt, daB sowohl das Barinmsalz
der Schacin-, des sawren lfsters wnd der Sebamidsiinre unlis-
lich in Methianol ist.  Das Sebacindiamid ist bestiindig gegen
kochende mcthinolisclie Barvtlauze (n/1).  Didthylester und
auch sebamidsoures .Xthyl geben in der Jilte erst nach einigem
Stehen (2 Stunden und 20 Mineten) eine krystalline Filiung.
Es wubte also gelingen, unter Schonuny der Awmidgruppe die
sstergruppe zu verseifen, da das Jeaktionsprodukt sofort aus
dem System ausfiel,

11,65 g sehamidsaures Athyl wurden in 20 cem absoluten;
Methanol gelost und mit 61 cem (0,830 n) methanolischiom
Bariumhydroxyd (1), Mol)) versetzt. Nach 11/, Stunden it hereits
cin Koyvetallbrei enistanden. Die Umsclzung ist jedoch et
vollstitndiyg,
(3 Min) auf dem Wasserhad erwiivmi, bis die Reakiion neutiid
gowarden ist. Nach dem Abkithlen savgl men aby wit-elt i

wenn man nach 15 Stunden Stelien noch kws

Methano)l nach wud trocknet anf dem Woo crbad. Ausheuin

an sehamidsaurem Dariwn 1,00 ¢ = 860

der Theorie.

Zar Isolicrung der Sebamidsiure 165t jaun 13 ¢ dus Dae
Salzes in 632 cem heilem Wasser, filfviert und  siiuert mit
24,6 com (o= 1,98, 2Mol) ldssigsiure an. Nach Stehaon i
Eis wird abgesaugt, mit Wasser gewaschen, auf 'Ton abzeprd™
und auf dermr Wasserbad zur Konstanz getrocknet. Ausbentd
83 g == 00/, Schmelzp, 1259, Sinterung bei 1200 Nuch el
maligemn Umkrystallisieren aus heiliam Wasser (10,26 gin 2o0 com)
erhiillt man schueeweilic Nadeln (9,8 ¢ == 949/)) mit einem kov-
stanten Schmelzpunit von 126,57 Siuterung 128° C,

Zur Analyse wurde idber P,0, im Vakuum zur Koustanz
getrocknet.

4,602 mg Substanz gaben 10,050 mg CO, und 8,850 1 11,0,

4,810 , " . 10520 €O, 4,070, 1,0,

8,155 , ” 0,188 e N bei Tt mm und 379

8,620 ,, " o 02Mbcem N, T6fwmm ,, 180
Ll 100N (201 Mol-Cew)

Ber. C 0,7%, 18,457, N 6,06,

Gef. |, 50,04, D984 , 9,56, 9,41 » 1,01, 6,97,
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wenn man nach Meissner und Shepard den Harn eines mit
Fleisch reichlich gefiitterten Hundes ansiuert.

Aus den Atherextrakten wurde 6,15 g = 61°/, unveriinderte
Sebacinsiiure isolicrt. Schmelzpunkt und Mischschmelzpunit
132° C.

II. Versuche mit Sebamidsidure.
a) Sebamidsiureithylester CONH,)-(CIL), -COOC,H,.

25 g Sebacinsiure-mono-itthylester (Schmelzp. 879 nach

Griin und Wirth werden mit 60g Thionylchlorid 'f, Stunde
auf dem Wasserbad am RickiluB erhitzt und dann im Vakvun

- das restliche Thionyleblorid verjagt. Ausbeute an rohem, etwas

brann gefirbten Chlorid 27,0g == 100/, Das Chlorid wixd
dann vorsichtiz in 100 cem eisgekiihltes konz. Ammoniak ein-
gegossen,  Temperatur stieg auf 25° C. Das ausgefallenc
Sebamidsaureiithyl wird in etwa 500 ccm Kther aufgenommen
neutral gewaschen und mit Natriumsulfat getrocknet. Der Ather
hinterlieB 18,4 g = 87,6, Schmelzp. 70° C.
Umkrystallisieren. 17,8g werden in 70 cem Ather am

. Riickflub brann gelost, 10 cem Ather noch zugegeben, da beinm

AbLiihlen alles zu cinem Krystallbrei erstarrt.  Mit 100 cem
Detrolither werden 11,6 g darans weiB gefillt, d.i. 65 Troc.
Sclunelzp, 70—71°%  Aus Wasser, in dem der Amidester in
der Hitze etwa 1:700 loslich ist, kommen fast guantitativ
scluiceweiBe, optisch positive, in Liugsrichtung ausli:chende
feine Nadeln, von borsiureihulichem Aussehen.  Schwclz-
punkt 70—T71°% ln Mcthanel 1:2 und in KXthanol gut 16slich.
“wur Analyse wird tiber Phosphorpentoxyd im Vakuam ge-
trocknet.

4,905 mgv Substanz (aus Ather-Petrol-A) gaben 11,300 mg CO:,
4,450 mg H,0.

4,880h|g Substanz (ans Wasser) gaben 10,100 mg CQ,, 3,980 mg 0.
8,600 ng » gnben 0,194 cem N bei 759 mum und 18°%

4,020 ,, » » 0214 , N , 64 ,, 18°,
C,sH,,O,N (229,19 Mo).-Gew.)
Ber., C 62,839/, H 10,11°%, N 6,31%,
Gef. , 62,84, 62,88 » 10,10, 10,20  ,, 6381, 6,27.
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Riickstand wurden dabei etwa 50mg brauner Massen erhalten,
die nach Behandeln mit Eiscssig und Umfiillen mit Natronlauge
und Salesiture 8,9 mg noch nicht ganz reine Harnsiiure gaben.
Samtliche Harnsiiurereuktionen nach Hoppe-Scyler-Thier-
felder waren positiv.  Jbenso wuarde die charakieristische
Xrystallform der Harnsiiure (Behrens-Kley, Mikrochemische
Analyse) aus verdiinnter Essigsiiure im Polarvisaticnsmilreskop
beobachtet. Dic Jlementaranalyse lieferte jedoch keinen ein-
deutigen Bevweis.

4,360 mg Substanz gaben 7,690 mg CO,, 1,500 mg I1,0, 0,034 g
Riickstand.

2,145 mg » » 0,340 ccm N bei 756 mm, 20°

Ber. fir Harnsiure C 35,69°/, 11 2,389/, N 83,330/,

a yp» Kynwensinre ,, 63,5 n 3,1 w L
Gef. ,, 48,00 » 8,83 , 18,32

Daraus folgt, daB dic MHurnsiure nicht rein war, s ge-
lang mir, aus dew verldiehenen Rest mit Sicherheit die Kynuren-
siore dnrel ihe unter dem Mikroakop sehr eleouditerisiisches
Ba-8ulz zu erkennen, Pamit ist die Harnciure beive Hund
bei ausschlielilicher Neishost, mit der das Stichstolfminimum
nahezu erveicht wird, festgestellt, und es wire inteiessant
nachzupriifen, ob die Harnsiwre awch im Stickstoflmirimon
ein normales Sroffwechselendprodukt des gewthnlichen, niclit
bloB des Dalmatinerhundes ist.

An unveriinderter Korksiure wurden in den Xtherau sieen
6g wiedergefunden = 60*/,. Schmelzpunkt und Mischsclonels-
punkt 130° C.

¢) Schacinsiure.

10 g Sebacinsiiure werden cinem 21,2 kg schweren Hund
nach dreitigiger Vorperiode iu liglichen Dosen vou zweimal
0,5¢ als Natriumsalz unter die Jaut gegpritzt, Der Harn von
IiTagen wird wie [rither verarbeitet,  Auch hier ist das Al
Lintoin (3,3 g) durchse(zt von kleinen schwavzen Warzen (0,8 ¢,
die sich oft zu hantel- und traulienfirmigen Gebilden zusatnnen-
legen,  Sie enthalien sicher Kynerensiure (Ba-Sulzt Dis ge-
naue Privfung auf Harnsioee ist e Gang. Das Aussehen der
Warzen erinuert deutlich an dic Sphivolithe, dic man crhiilt,
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Versuchstell,

I. Injektionsversuch mit Dicarbonsiuren.
a) Adipinsiure.

10g reine Adipiusiure wurden 4 jungen Hunden*) (7,55,
5,00, 6,3, 5,2kg) al< Natriumsalz in tiglichen Dosen von 2 mul
je 0,25 g morgens vnd abends wnter die Haut gespritzt. Nac),
diesen §'Fagen wurde der Hamn noch 3Tege gesummeli. Al
Fotler diente nur mit Salz und Wasser gekochter Reis. Dic
Vorperiode danerte 8 Tage, Dor gesamte Harn wurde gemein-
s mit den Kifigspiilwitssern kong. .auer eingedampft.

Vorher therzengte ich mich, dal auch bei einer 1 stiindigen
Wasserdampfdestillation von den hier verwandten drei Dicar-
bonsiuren keine Spur mit in das Destillut @berging.

Der eingedampfte Harn (etwa 150 cem) wurde im Soxhlet
mit Ather so lange (5 Tage) extrahiert, bis Krystalle von der
in Kther unloslichen Kynurensiure sich an der Kolbenwand
abactzien. Die einzelnen Atherausziige warden zum ‘eil ge-
trennt, zum Tl genieinsam vermrlicite!,  Auws den braunen
Extrokten konnten b g unveriinderte Adi; masiiure mit cinem
Nchmelzpunkt vou 150° und cinem ebencolelen Mischsclunels
punkt gewonnen werden.  Aus den Laugen krystollisierten an
Schlub nur mehr Milligramme avs. Mit Essigester 140t sich
die Siure, wie nuch die Kork- und Seluacinsiure gut rengen.
50/, der Adipinsitmre werden demnnach abgebaut,

b) Korksture.

10 g reine Korksiure (Merck) werden wie die Adipin-
siture zugefithrl und der Harn in gleicher Weise aufgearheitet.
Der Hund wog 4,37 ke und erhiclt tiglich zweinial 0,5 g Aus
dem it Ather erschipften konz Yiarn krysto'lisierten 1,64
rohes Allantoin,  Beim Umlirystallisieren aus Wiasser wurdeu
0,6 g-reines Allantoin erhalten. Als in Wassey unloslicher

*) Ein Tier ging vom 5. auf 6. Injcktionstag an subakutey, gelber
Leberatrophie zugrunde.  Ein Znsamsenhang der Todesursaclie mit dor
Einvedeibung von Adipinziure bestoht nicht, da die anderen 8 Tiewe

vollkomen gocmd Bli-beu,
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Wir versuchten daher die eine COOM-Gruppe hiologisch zu
yerschlieBen unter Aufrechterhaltung der chemischen Siure-
patur. Die Ester-, Anhydrid- und Chloridgruppe ist dazu
wegen der leichten Aufspaltbarkeit nicht gecignet. Nitrile sind
giftiz. Bs lag daher nabe, die Amide zu versuchen. W.Dic-
ter#) hat das Spaltungsvermdgen der MHefe gegeniiber Siiure-
amiden untersucht und festgestellt, dab Reinzuchthefe Asprragin,
Acetamid und einige aromatische Amide nicht angreift, solange
sic nicht wiichst. Tm Wierkidrper sind die korperfremnden Siure-
amide in vielen Fillen?%) nicht leichl oxydabel.  Phenylessig-
giure- und Maudelsiureionid werden nur wenig awgegriffen
(unverdflentlichte Beolchtung von Thomas). Withrend Mulanid
schwer, wird Succinindd nabezu volliy verbraunt. Ven den
Halbamwiden geht Oxmuinsiiure zum Teil unverindert in dew Harn
iiber, nur Asparagin und Glutamin werden leicht und viillig zerstir L.

Weitere biologische Beobachtungen an Ialbamiten liegen
nicht vor.

Wir haben uns duher die Schamidsiure hergestelll.
Rowney26) und Kraut®? zeben an, sic durch Stehenlussen des
Disithylesters mit Anvnoniak und durch Destillation des Aunnon-
salzes erhalten zu hahen.  Nihere Angaben fehlen. Jtuix=f
beschreibt sie kurz mit dem Schmelzp. 170° C. Wir Loioten
die Sanre mit demn Schmelzp. 170¢ C nicht exhalten.  Vielleiclit
hat Ftaix ein Gemisch von Di- und Monamid in Hinden ge-
habt. Dic Scbamidsinre schmilzt bei 126—127% Wir er-
hiclten sie in guter Av-lwute, indem vir den Diathylestor der
Sebacingiure nach A. Griin und Th Wirth®) in den Mono-
athylester aberfitbrten, mit Thionylehlorid das entzprechiende
Cllorid gewannen und dicses mit Awmeuiak zum Amidester
umsetzien. Die particlle Hydralyse wclang mit methyialio-
holischem Bariumhydioxyd,  Bevor wir die Sebami situve inji-
zierton, studicrten wir ihre Bestindigkeil gegen Minren und
Alkalion. Sie 1ilt sich aus Harn mit guter Ausbeute wiedor-
gewinnen. Die Aufarbeituny des Versuchshavns Jicferte nur 10°/,
roh und 5/, rein wieder,  Sehacinsiure worde nicht  pe-
funden. Die Sebauid-iwvre war alse im Guegensats sur Dicinhon-
siure fast vollig abgebaut worden.
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RS

reichliche Vorkommen von Bernsteinsiiure im Hundeliarn sind
von Salkowski®) (1871) und Lango®) {1877) nicht lestitiut
werden,  Dies wire auch init unseren bisherigen Vorstellungen
nicht recht verstindlich, da die Glutarsiure ja in dic Malon-
siure iibergehen wiBte.  Die niederen normalen Dicarbon.
sinren bis G, werden im Tierkorper sehr leicht verbranu,
mit Ausnahme der Oxalsiiure, ebenso auch die entsprech. ey
Qxydicarbonsiiuren mit Auvsnuhme der Weinsiiure.  Die Al
losung  ciner Carboxylprappe aus  Dicarbonsiuren  ist mit
Sicherheit bheobachtet, aber nur bei den uiederen kirperver-
frauten. Hans Miller®) ehicll aws Fumarsinre dureh
Gitrung mit Hefe Milehsiure. Juda Hirsch Quasiel?) konnte
aus Bernsteinsiiure und Fuwarsiinre vach Vergiiven mit Bae.
pyoeyaveus Brenzteaubensiure und Kssigsiure isolicren. Newer-
dings glaubt Momose Goro?) vou ¢ Yersuchen mit Malon-
siiure bei der Leberdurchblatung in zwei Fillen Aceton er-
Lalten zu haben und foroauliert den Abbuan Giber Acefddelisds
Aldol. Baer und Blum??) aber fanden am Phloridzinhund
gerade fir Malon-, Bernstein- und Drenzweinsiiure keine Beein-
flussung der Acetonkirper, Zucker- wnd N Anusscheidung. Baer
und Blum ™ und Fricdmann) jedenfalls konnten hei ihren
Leberdurchblutnugsversuclien mit verzweiglen Dicarbensiiuren
gerade als Charakteristibum feststellen, daf die COOH-Grappe
sehr fest hafiet gegentiber der Methylgruppe, s ist sehr aul-
fullend, daB von den hisheren mehrbasischen Siuren'®) aunfier
der Glutar<ure und der Cilronensisre nur ganz wenige ol
normale Betandteile von Dilinze wnd Tier bis jetzl jsoliert
wurden,  H. Wieland und Alles) hiben Livrdlich die Kork-
siure als Suberylureinin im Bufotoxin, dem Giltstoll der ome
heimischen Krite (Bufo vuligaris), eingebaot gefunden, Tun Japeine
und Carnaubawachs sind nach Schaal'? hohe Dicarhon diuren
- C,g, €, vorhauden.  Die Dicarbonsiiuren sind auber der Oxal-
siure wenig oder gar nicht giftig, Mit : ueehmender Methylen-
zabl ninnut die Giftickeit avch noch ab.’) Die Glutarsiae p1uit
allerdings, wic W. Llose) in seinen Unlersuchungen iiher die
Nievenwirkung von Dicarbomstivren und ihrer Derivate jins !
festgestelt hat. eine tnbulire Nephritis mit Veridung der Glome-
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Z. Physiol, Chem. 159: 297-308. 1926.

Beitriige zur Kcnntnis des Fettstoffwechsels.
VI

Verhalten von Dicarbonsiuren und Sebamidsiiure im Tierkorper,
Yon

Bonifaz Flaschen{riger.

(Aus dem Yhyslologicch-Chemischen Institut dor Universitit Toipzig.)t)

(Der Redaktion rugegangon am 1. August 1926.)

Beim Studinm des Feltsitureabhauves sind bisher nur wenig
Zwischenprodukte gefilt worden. Dakin?) stelite zur Ver-
teidigung der Theoric von der #-Oxydation gegen ¥riedmann?)
bei der Untersuchung des Schicksuls der Phenylproplonsinre
im Tierkirper g-Oxypropionsiiure und Acetephenon fest. B
telli und Stern?®) heabachteten bei der 7 Oxydiution der Deas
steingfiure inaktive Apfelsinre. Kinbeckt hat doun don Vor-
gang in Dehydrierung zur Fumarsinre wnd Hydratation zur
Apfelsiture aufgelist. _

Die Suche nach weiteren leicht zuginglichen Madellen
hiherer Fetfsiivven fithvie uns zu den Dicarbonsiiure.  Fs
fallt auf) dab Bacr und Blum® Lei der Injekiion ver i G
Dosen Glutarsiiure an phlorizindiabetischen Hunden Bomsioine
siwwre im Ham gefunden hatien. Wenn auch die Mevnge o
sanz. klein und nuor {qualitaiiv) sichergestellt war, so ITus doch
die Vermutuug nalie, dal die Bernsteinsiinre c¢in Abhaupiodukt
der Glutarsiiure scin konnle, da sic im Hundehwn sonst nicht
gefunden wird.  Die Angaben von Meiswuer® (1868) iiber das

) Ausgefilut it Midteln der Notgemeinschaft dee Doutselen
Wissengelaft,

Hoppe-segler's Zeituchrift £, physiol, Chomle, CLIN. 20
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Animal Experiment

As in the earlier experiments, a dog (8.9 kg) was injected
subcutaneously, after a two-day preliminary period, with 10 g
gebamic acid in the form of a sodium salt, in two daily doses of 0.5 g
each. The urine was disinfected with a mixture of benzene and chloro-
form (2.5:1, specific weight about 1). After 6 days of a post-period,
the filtered urine, which reacted very weakly in litmus, and was
not congo acidic, was concentrated by evaporation at 60° in a vacuum,
About 87 g residue remained and were acidified with 20 ccm acetic acid
in 200 ccm water. After a short time, crystals that increase to about
5.4 g upon standing in ice are precipitated. They consist, up to
42%, of pure allantoin, 0.4 g sebamic acid and inorganic salts,
The watery urine lye was now extracted 4 times for 24 hours, and
finally for 48 hours with ether. The dissolved amounts of 1.8, 0.8,
0.4, 0.3 and 0.4 g rapidly decrease. For better processing, they
are combined and from this, 1 g of unaltered sebamic acid is obtained.
Thus, splitting to sebacic acid does not take place. The discard
solution yielded no sebacic acid after three hours of boiling with
hydrochloric acid and depleting ether extraction.

Sebamic acid was, practically speaking, quantitatively decomposed.
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sites, live and dead fetuses were recorded. All live pups were
weighed and the genital tract of each dam was examined for any
anatomical abnormalities.

All fetuses were examined grossly for the presence of external
congenital defects and one-third of each litter underwent detailed
visceral exaﬁination under 10X magnification. The remaining two-
thirds of the pups were cleared in potassium hydroxide, stained
with alizarin red dye, and examined for the presence of skeletal

abnormalities.
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Appendix 1

Teratology Study in Hamsters

Virgin adult female golden hamsters from an outbred strain
were individually housed in mesh bottom cages in temperature and
humidity controlled quarters with free access to food and fresh tap
water at all times. They were mated (1 to 1) with mature males and
the appearance of motile sperm in the vaginal smear was considered
as Day 0 of gestation. Beginning on Day é and continuing daily
through Day 10 of gestation, the indicated dose levels of the test
material were administered by oral intubation. The controls were
sham treated with the vehicle at a level equivalent to the group
receiving the highest test dose. The fest_material was prepared

and doses calculated according to the following table:

Dosage Dose Concentration
(mg/kg) (ml/kg) (mg/m1l)

S 250 1 S 250

251 - 500 2 125 -~ 250
501 - 750 3 133 - 250
751 - 1000 4 187 -~ 250
1001 - 1250 5 200 - 250
1251 - 1500 6 208 -~ 250
1501 - 1600 6.4 235 - 250

Body weights were recorded on Days 0, 8, 10, and 14 of the
gestation period. All animals were observed daily for appearance
and behavior with particular attention to food consumption in order
to better recognize any abnormalities resulting from anorexic effects
in the pregnant animal,.

On Day 14, all animals wefe subjected tq Caesarian section

under deep anesthesia and the numbers of implantation sites, resorption
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FOOD AND DRUG FESEARCH LABORATORIES, INC.

~
Groups 201 & 202; 207 through 210 ’ Date January 19, 1973
M i FDA 71- aboratory No. 1362 g
aterial FDA 71-50 Table 3-a L atory No
Summary of Soft Tissue Abnormalities
(Hamsters)
Group Material ‘Dose Level Dam Number of Description
mg/kg Pups
201 Sham 0.0 S 2618 9 Meningoencephalocele
208 FDA 71-50 9.5 G 2033 1 Meningoencephalocele
o




FOOD AND DRJIG RESEARCH LABORATORIES,
201 & 202; 207 through 210

Groups

INC.

Laboratory No. 1362 g

 Material FDA 71~50

Summary

Table 3
Date January 19, 1973
of Skeletal F indings*

({ Hamsters )

Group No. :
Findings
Dose (mg/kg):

207 208 210

9.5

209
44.0

201 202

Sham Aspirin** 2.0 205.0

Live Fetuses Examined
(at term)

Sternebrae
Incomplete oss.
Scrambled
Bipartite
Fused
Extra
Missing
Other

Ribs
Incomplete oss.
Fused/split
Wavy
Less than 12
More than 13
Other

Vertebrae
Incomplete oss.
Scrambled
Fused
Extra ctrs.
Scoliosis
Tail defects
Other

Skull
Incomplete closure
Missing
Craniostosis
Other

0Ss.

Extremities
Incomplete oOsSs.
Missing
Extra

Miscellaneous
Hyoid; missing
Hyoid; reduced
Pelvic bones; missing

211/24 188/24 166/19 183/21 199/23 173/21

76/21 77/22 53/18 62/21 108/23 49/16

39/14 33/18 22/13 30/16 13/11 25/16

1/1

44/16 31/12 25/12 29/13 38/14 23/10

1/1 1/1

171

43/17 36/13 32/13 32/15 32/15 48/18

11/8 6/5 2/2 3/3 4/3 9/5

1/1

1/1 1/1

1/1 1/1

1/1

62/20 44/15 20/10 13/7 44/16 30/9

171
5/{

7/4
9/6

3/3
5/2
2/2

4/4
5/4

171

6/4 2/2

* Numerator=Number of

*% positive control:

fetuses affected; Denominator=Number of litters
affected.

250.0 mg/kg

. TR > -
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&= ,J Maurice Avenue at 58 Street
: Maspeth, New York 11378

1 NC ORP ORATED

/ FINAL : : Telephone: TWining 4-0800
REPORT - Cable: Foodlabs, New York
Submitted to: DHEW/Public Health Service Date February 26, 1973
' Food and Drug Administration CA-272
5600 Fishers Lane-Room 5C-13
Rockville, Maryland 20852 Laboratory No. 1362 g
Contract No. FDA 71-260
Sample: Fine white crystalline material
Marking: FDA 71-50 (Adipic Acid)

Examination Requested: Teratologic evaluation of FDA 71-50 in hamsters

Procedure: See Appendix 1

—~

S

2sults: See Tables 1 through 4 and Appendix II

Cphclusion: Subject to reexamination in the light of later findings,
-~ following is concluded:

.)"%‘3

"The administration of up to 205 mg/kg (body weight) of the tes’
material to pregnant hamsters for 5 consecutive days had no clearly
discernible effect on nidation or on maternal or fetal survival. The
number of abnormalities seen in either soft or skeletal tissues of the
“test groups did not differ from the number occurring spontaneously in

~the sham~treated controls."”

e

Ccomment : Attention is called to the fact that this is tl«e twenty-first of
a -series of reports which will be issued in accordance with the terms of
the contract cited above. Eventually, a total of at least 42 compounds
will have been tested in 21 pairs; each pair being run concurrently
against one sham-treated control and one positive control group.

Because of the inherent variability of biological data of the type dealt
with here, the accumulation and pooling of sequential sets of control
values will greatly enhance the statistical value of the findings and
the ultimate reliability of the test results.

FOOD A DRUG RESEARCH LABORATORIES, INC.

bogarecAoo
_ orga e1?7c, Ph.D.

7~ Vice Presiden o , .
This report is submitted for the exclusive use of the person, partnership, or corporation to wheln it is addresa i, and neither th- report
nor the name of these Laboratories nor of any members of its staff, may be used in connection with the advertising or sale of any product or
proceas without written authorization.
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was examined in detail for anatomical nonm
All fetuses were examined grossly for the presence of external
congenital abnormalities. One-third of the fetuses of each litter
underwent detailed visceral examinations employing 10X'magnification.
The remaining two-thirds were cleared in potassium hydroxide (KOH),

stained with alizarin red S dye and examined for skeletal defects.



Appendix I

Teratology Study in Rats

Virgin adult female albino rats (Wistar derived stock) were
individually housed in mesh bottom cages in temperature and humidity-
cantrolled quarters with free access to food and fresh tap water.

They were mated with young adult males, and observation of the vaginal
sperm plug was considered Day 0 of gestation. Beginning on Day 6

and continuing daily through Day 15 of gestation, the females were
dosed with the indicated dosages by oral intubations. The controls
were sham treated with the vehicle at a level eguivalent to the group
receiving the highest test dose. The test material was prepared

and doses calculated according to the following table:

Dosage Dose Concentration
(mg/kg) (ml/kg) (mg/ml)

S 250 S 250

251 - 500 2 125 - 250
501 - 750 3 133 - 250
751 - 1000 4 187 - 250
1001 - 1250 5 200 - 250
1251 - 15900 6 208 - 250
1501 - 1600 6.4 235 - 250

Body weights were recorded on Days 0, 6, 11, 15, and 20 of

gestation. All animals were observed daily for appearance and be-

havior with particular attention to food consumption and weight, in
order to rule out any abnormalities which may have occurred as a
result of anorexic effects in the pregnant female animal.

On Day 20 all dams were subjected to Caesarean section under
surgical anesthesia, and the numbers of implantation sites, resorption
sites, and live and dead fetuses were recorded. The body weights of

the live pups were also recorded. The urogenital tract of each danm
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FOOD AND DRUG RESEARCH LABORATORIES, INC.

Groups

201 & 202; 207 through 210

Material FDA 71-50

Date January 19, 1973

Laboratory No. 1361 g

Table 3-a
summary of Soft Tissue Abnormalities
(Rats)
Group Material Dose Level Dam Number of Description
mg/kg Pups
202 Aspirin* 250.0 A 1614 4 Encephalomyelocele
1 Encephalomyelocele;
umbilical hernia
A 1619 1 Encephalomyelocele
A 1625 1l Meningoencephalocele
1 Encephalomyelocele
A 1626 1 Encephalomyelocele;
umbilical hernia
2 Meningoencephalocele
A 1628 1l Encephalomyelocele;
umbilical hernia
208 FDA 71-50 13.0 G 1032 1 Meningoencephalocele

* pogitive Control:

250.0 mg/kg



FOOD AND DRIG RESEARCH LABORATORIES, INC.

Groups . 201 & 202; 207 through 210 Laboratory No. 1361 g
,/-s\ Table 3
' Material FDA 71-50 Date January 19, 1973
. Summary of Skeletal Findings*
( Rats )
) . Group No. : 201 202 207 208 209 210
Findings
Dose (mg/kg) : Sham Aspirin** 2.9 13.0 62.0 288.0
Live Fetuses Examined 159/20 100/16a 176/23 175/24 171/22 157/20
(at term)
Sternebrae
Incomplete oOss. 66/19 80/16 46/18 60/13 6l1/17 44/15
Scrambled
Bipartite 1/1 7/5 1/1 1/1 1i/1 1/1
Fused 1/1
Extra
Missing 17/8 85/16 20/9 4/3 7/2 9/5
Other
Ribs
- Incomplete oss.
Fused/split 10/5
. Wwavy 16/7 45/14 12/5 26/1" 12/7 29/10
( Less than 12
— More than 13 1/1 81/13 6/3 /1 5/3
Other
Vertebrae
Incomplete OsSs. 20/10 92/16 19/8 25/9 1277 L/ 3
Scrambled 1/1
Fused
Extra ctrs. 0Ss,.
Scoliosis 1/1
Tail defects
Other
Skull
Incomplete closure 21/11 43/15 . 25/12 35/10 23/11 2o/11
Missing 9/3
Craniostosis
Other
Extremities
Incomplete oOss. 4/3
Missing
Extra
Miscellaneous
Hyoid; missing 19/8 52/15 14/9 26,12 23/10 19/11
Hyocid; reduced 3/3 7/5 18/8 24/10 18/12 24/11
o~ - -

* Numerator=Number of fetuses affected; Denominator=Number of litters

af
*% positive control: 250.0 mg/kg fected.

One litter lost in processing
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JESod and Dnuﬂ IR cseanch aaboratonies .

-

{g , Maurice Avenue at 58th Street

1 NC OR P OR ATE D

, Ehe Maspeth, New York 11378
roo , FINAL Telephone: TWining 4-0800
REPORT Cable: Foodlabs, New York

Submitted to: DHEW/Public Health Service ‘
Food and Drug Administration CA-272
5600 Fishers Lane-Room 5C-13
Rockville, Maryland 20852 Laboratory No. 136l g
. Contract No. FDA 71-260

Date February 26, 1973

Sample: Fine white crystalline material

Marking: FDA 71-50 (Adipic Acid)

Examination Requested: Teratologic evaluation of FDA 71-50 in rats

Procedure: See Appendix I
sults: See Tables 1 through 4 and Appendix II
Conclusion: Subject to reexamination in the light of later findings, the

“'following is concluded:

"The administration of up to 288 mg/kg (body weight) of the test
material to pregnant rats for 10 consecutive days had no clearly dis-
cernible effect on nidation or on maternal or fetal survival. The
number of abnormalities seen in either soft or skeletal tissues of the
test groups did not differ from the number occurring spontaneously in
the sham-treated controls.”

Comment : Attention is called to the fact that this is the twenty-first
of a series of reports which will be issued in accordance with the terms of
the contract cited above. Eventually, a total of at least 42 compounds
will have been tested in 21 pairs; each pair being run concurrently
against one sham-treated control and one positive control group. Because
of the inherent variability of biological data of the type dealt with
here, the accumulation and pooling of sequential sets of control values
will greatly enhance the statistical value of the findings and the
ultimate reliability of the test results.

FOOD AND DRUG RESEARCH LABORATORIES, INC.

~ Xenneth Mordareddge, Ph.DY

i i . .
This roport is submitted for the exclusive use of the person, part\x(e%sgis. o?&%?ut%ggtwhom it 18 addressed, and neither the report

nor the name of these Laboratories nor of any memmbers of its staff, may be used in connection with the advertising or sale of any product or
process without written authorization.
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Appendix I

Teratology Study in Mice

Virgin adult female albino CD-1 outbred mice were gang-
housed in disposable plastic cages in temperature and humidity-con-
trolled quarters with free access to food and fresh tap water. They
were mated with young adult males, and observation of the vaginal sperm
plug was considered Day 0 of gestation. Beginning on Day 6 and con-
tinuing daily through Day 15 of gestation, the females were dosed with
the indicated dosages by oral intubation; the controls were sham treated.

Body weights were recorded on Days 0, 6,11,15, and 17 of gestation.
All animals were observed daily for appearance and behavior with par-
ticular attention to food consumption and weight, in order to rule out
any abnormalities which may have occurred as a result of anorexic
effects in the pregnant female animal,

-On Day 17 all dams were subjected to Caesarean section under
surgical anesthesia, and the numbers of implantation sites, resorption
sites, and live and dead fetuses were recorded. The body weights of
the live pups were also recorded. The urogenital tract of each dam
was examined in detail for anatomical normality.

All fetuses were examined grossly for the presence of external
congenital abnormalities. One-third of the fetuses of each litter
underwent detailed visceral examinations employing 10X magnification.
The remaining two-thirds were cleared in potassium hydroxide (KOH),

stained with alizarin red S dye and examined for skeletal defects.
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FOOD AND DRUG FRESEARCH LABORATORIES, INC.

Groups 201 & 202; 207 through 210 ' Date__ January 19, 1973
Material FDA 71-50 Laboratory No._ 1360
1-3 Table 3-a a y No. _-=°>- 3
summary of Soft Tissue Abnormalities
(Mice)
Group Material Dose Level Dam Number of Description
mg/kg Pups

None Observed



FOOD AND DRIG RESEARCH LABORATORIES, INC.

Groups 201 & 202; 207 through 210 Laboratory No. 1360 g
~ Table 23
Material FDA 71-50 Date January 19, 1973

Summary of Skeletal F indings*
: ( Mice )

Group No. : 201 202 207 208 209 210
Findings
Dose (mg/kg): Sham Aspirin** 2.6 12.0 56.0 263.0

Live Fetuses Examined 158/21 126/19 152/20 161/22 192/24 149/20
(at term)

Sternebrae
Incomplete oss. 95/20 47/13 71/19 91/20 129/23 116/19
Scrambled
Bipartite 3/3 3/3 5/5 5/5 4/3
Fused
Extra 1/1
Missing 20/7 24/9 18/9 23/9 18/8 36/10
Other

Ribs
Incomplete oss.
Fused/split
Wavy 1/1
Less than 12
~ More than 13 18/9 18/10 43/14 17/10 24/12 17/7
Other

Vertebrae
Incomplete oss. 8/3 16/8 3/2 2/2 14/5
Scrambled
Fused
Extra ctrs. oss.
Scoliosis
Tail defects
Other

Skull
Incomplete closure 2/1
Missing
Craniostosis
Other

Extremities
Incomplete osSs. 8/3 17/8 3/3 9/5 1/1 13/5
Missing
Extra

Miscellaneous
Hyoid; missing 57/16 36/14 41/15 50/14 45/16 44/14
Hyoid; reduced 23/13 18/9 21/12 35/16 41/16 31/15
Pelvic bones; incomplete 2/1 1/1

* Numerator=Number of fetuses affected; Denominator=Number of litters

aff
** positive control: 150.0 mg/kg ected.
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Eod and T Bug T escanch, Iaaborodonios

.
-
I NCORPORATED ' q Maurice Avenue at 58 Street
”‘(I Maspeth, New York 11378
FINAL ! Telephone: TWintng -1-0500)
REPORT Cable: Foodlabs, New York
Submitted to: DHEW/Public Health Service Date February 26, 1973
Food and Drug Administration CA-272
5600 Fishers Lane-Room 5C-13
Rockville, Maryland 20852 Laboratory No. 1360 g
Contract No. FDA 71-260
Sample: Fine white crystalline material
Marking: FDA 71-50 (Adipic Acid)

Examination Requested: Teratologic evaluation of FDA 71-50 in mice.

Procedure: See Appendix I
Results: See Tables 1 through 4 and Appendix II
Conclusion: Subject to reexamination in the light of later findings, the

following is concluded:

Comment:

"rThe administration of up to 263 mg/kg (body weight) of the test
material to pregnant mice for 10 consecutive days had no clearly dis-
cernible effect on nidation or on maternal or fetal survival. The
number of abnormalities seen in either soft or skeletal tissues of the
test groups did not differ from the number occurring spontaneously in
the sham-treated controls."

of the contract cited above. Eventually, a total of at least 42
compounds will have been tested in 21 pairs; each pair being run con-
currently against one sham-treated control and one positive control
group. Because of the inherent variability of biological data of the
type dealt with here, the accumulation and pooling of sequential sets
of control values will greatly enhance the statistical value of the
findings and the ultimate reliability of the test results.

FOOD AND DRUG RESEARCH LABORATORIES, INC.

K&nneth MorgireAdge, Ph.
resident - .

This report is submitted for the exclusive use of the person, pnrty;}n.pug OI’PCOSOSI’I gn {}) whom it is addressed, and neither the report

nor the name of these Labouratories nor of any members of its staff, may be used in coanection with the advertising or sale of any product or

process without written authorization.

Attention is called to the fact that this is the twenty-first
of a series of reports which will be issued in accordance with the terms
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(eneration of the fest atmospheres .

1 ne air used for the atmospheres was filtered, dried to a
[clative humidity of less than 10%, and supplied at a
ne pressufe of 1 atm (1013 x 10* Nm-%). In the
o esults section, the methods used to prepare the atmos-
pheres are indicated by letters in parentheses which refer
10 the following list. The letter is followed by any
information relating to the particular experiment.

A A npearly saturated vapour obtained by passing air
through a liquid contained in a bubbler with a
sintered glass air-distributor disc. The volume of the
liquid was usually 10-20 ml and, if the size of the
sample available permitted, it was replaced daily.
Unless otherwise stated, the bubbler was maintained
in a water-bath at room temperature, about 20°C.

‘B A nearly saturated vapour obtained by passing air

through a column of a granular sclid. If the samyle
supplied was a fine powder, it was dispersed on the
suiface of granular kieselguhr.

C An atmosphere prepared by me.nods A or B and
diluted to a known extent with clean air.

I A vapou conceatration by injecuing a liquid at a
«pown rate into a metcred stream of air by means of
a controlied fluid-feed atomizer (Gage, 1933). For
concentrations ~vuch less iian 100 ppm a solution ol
the liquid in 2 toxicoiapicar. - ert solvent was
used. For ver, -olatil: 1 juids e svringe we , cooleu
in an ice-water bath.

E A metered stream ©f a gas or vapour from a cylinder
was diluted with a meter~d stream of air. The diluted
gas was passed througl. 4 jot to produce efficient
mixing by turbui=non.

F A gas or vapour Conained i« v ge volyethylene hag
at atmospheric piessure wan aundiced into a racered
air stream at a known ratc by incans of a peristattic
pump (Watson sMarlow).

G A powdered solid injected into & metercid air strzan
at a known ra'* by the apparatus described uy Byers
and Gage (1961},

H A condensed fumc iaupared by passing &n aerosai
obtained by methods 12 or G through a weil-insulate.:
cylindrical electric furnace located in the central tube
of the exposure chamber. The furnace was heated to
a temperature sufficiently high to volatilize the
substance, which on cooling condensed to a fume.

I A method was devised for the copliquous gegeration
of methyl nitrite, which is too unstable to be isolated
andstored; Asolution.of hydrochloricacid in methanol
was injected ata known rate on to & maixture of equal
partg of sodiun nitrite and anhydrotis sodium sul-
phate. In the presence of excess methanol the rate of
addition of hydrochloric acid defined the rate of

‘liberation of methyl nitrite. The vepour diffused

. through & siatered” glass plate into ‘8 metered, air

ool A

x *

43 i
A et b

Measurement of coficentration’ - . '
The nearly saturated concentration prepared by methods
A and B was estimated by weighing the sample before and
after the day's run, and iclating the weight loss to

. the volume of air passing. This concentration, expressed

in milligrammes per litre, was converted tO parts per

million on the assumption that the sample was pure,

Both dthese estimates are only approximate; this applies
particularly to materials of low volatility and to impure
samples when the more volatile fraction may evapotate
first. For these reasons method D was usually preferred
for such materials.

With the other methods the concentrations have
usually been those calculated from the known rate of
introduction of the substance into the air stream. In some
expeliments the concentration was checked by direct
analysis of the atmosphere and was found to be within
10%, of the expected value. A direct determination was
always made when the methed could not give a reliable
indication of concentration, as with acrosols or organic
peroxides. Concentrations determined by analysis are
indicated by a superscript letter whic® tefers to the
following list.

a Gas-liquid chromatography. A Py 1G4instrument with
a flame ionizaticn detector wo used. The column
was § ft "y 1 o filled with O 0 ruesh e tive «ated
with §1.30. T oo wmperature of the coitm was aii-
v ned at about 209, below the boiling poim « ¢ the
hquid. A sample of the atmosphere was injected
directly into the N, carrier gar by means of a £as
sampling vis've (U-5-10 mi).

b Peroxides by iodometry. A secasured volume of the
air was passed through a ! 7 wje agueius potassiem
1odide sotntior, and the liberoted iodine was mcasused
absorplioniert.cally at 425

¢ Peroxides by oxidation of .uirous thiccyanate. A

$0-m1 sample of the air was, < acted it A large glass

syringe : ontaining 10 m! feryou. - iawvyanate reagent

(100 mi 0-5% wfv amme . trouyanate, 1N6 N

sulphuric acii, V1 g ivious b onium < dphate, 100

mlwais. joep red frend on ol dar) Tog syringe was

shaken tor 5 roinute atu e T thiocyaiAte ~on=

centit WO Wi Tt e

Titration. A tnessored Sohume of the air wa- parsed

threugh water (sulr -ur dicioride) or 109, v/v aqueous

ethapo! (adipic aci-i; a«d 112 20501 bed acid was titrated
with so i hyAroxide sobutinn.

e Methy i & measucd volume £ e atr was
passed thivugh 10 1 d resg M1« coim e uting,
10 mi n HC}, acetic avd to - htre); Zml 19 .5 waus
N<(1-naphtuyl)ethylencdiam .:e dihydi ochlzri @ was
added, and after 15 minuie the whsorbi & Was
measured at 550 nm.

foS

Design of the experiments :

Aldetley Park speciﬁc-plthogm-frce rats with an average
weight of 200 g were used ir: inost of thesc experiments.
They were roaitained “in the exposure chamber for

g ometrically st 460 nm,

periods of up i 6 hours, and betwacn repea‘e] daily -

cxposures they were relurt 1 (o their cages where jood
and water were freely available. In the initial c_xpcrl-
foents the concentrations were sclected to procuce, i

possible, acute effects after short exposures. Ther:.ftet

the expesure period was extended and the concentration
towered until the animals could eurvive 6-hour éxpcsures,
five days a weck, for up to four weeks. With liguids, the
vapour pressure limited the range of concenirations
which could be tested in these acute and subacute
cxperiments. The cats were weighed each morning, and
their conditions and behaviour were raccrded throughout
the exposym period. Utine e collecied overnight



2-t-Butoxyethanol, 3
s-Butylamine, 9

t-Butyl peracetate, 11
t-Butyl peroxypivalate, 11
n-Butyraldehyde, 6
Cetostearyl methacrylate, 8
Chloroacetonitrile, 10

6-Chlorododecafiuorohexylsulphur pentafluoride, 14

2.Chloroethylsulphur pentafluoride, 13
1-Chloronaphthalens (technical), 8

. 4-Chloro-octafiuorobutylsulphur peatafluoride, 13

Chloropentafiuorobenzene, 7
1-Chloropropan-2-ol, $
2-Chloropropane, 6

2.Chiorotetrafluorocthylsulphur pentafluoride, 13

Cumene a-hydroperoxide, 11
N-2-Cyanoethylaniline, 0
Decahydronaphthaiene, 3
1,6-Diaminohexane, 9
Dichlorobutenes (mixed isomers), 7

'1,1-Dichloroethene, 7

1,3-Dichlorotetrafluorobenzene, 7
« Dicyclopentadienc, 4

-+ 1-Diethylaminopentan-2-one, 10

ne. 10

0 -Diethy! phosp! scochioridothic - . 12

Dimethoxymethansz, S

~92-Dimethylaminor lyi mehacrylate, 8

3,6-Dimethyl-1,2-baarzisoxaole, 11
Dimethyl carbonaic, 9
Dimethyl disulph: *- 13

. 3.5-Dimethylmorpuciire. o
. Dinonylamine, 9

DipbenyMimethoxysilane, 17

5 Dlpmpiowl[_ﬂmide,ll L

tylamine, 9
ivinyl disulphids; 13 o
tyl disulphide, 13 o

Ethyl chigroforgate, 9 .
R %yh}cblomi) imidate, 14

2-Methylbuta-1,3-diene, 4

Methyl chloroformate, 8
2-Methyl-1,3-dioxolan, 10

Methyl isothiocyanate, 8

Methy! nitrite, 9

Methyl salicylate, 8

2-Methyithiazole, 10

Nonylamine, 9

Octy! methacrylate, 8
Pentachloropyridine, 10

Phosphorus tri-isocyanate, 12
Propionaldehyde, 6

n -Propyl cyanide, 10
N-Propylethylidenecamine, 14 .
Silicon tetrafiuoride, 12

Silicon tetraisocyanatc ;2

Sulphur chloride peniziluorid 13
Sulphur dichloride, 13
3a,4.7,7e-Tetrabydro- 4,7-methanoindene, 4
Tetramethylsilane, 12

Tributylamine, 9

Tributyl phospite, 12
1,2,4-Trichlciobenzene, 7
“trichleromethylsulphonyl chloti e, 13
§,5, 8 Trict oo ritheorob rese. 7
Triuwthosyboroxine, 14

1, 2. 4-Trimethvienzene, $
"irinonylamine, 9

TrispentaJuoroeit yDimetianol, §

1, 1, 1-Trishydroxyme . /lpropsnc bicyclic 1 “osphite, 12

Vinyl acetate, 8
VinylsulphLo: pentafioone 5

Movo. s an st cials

*
Samples lavestigated _—
The samplcs submitted by ICY Divisic anre poneved
in either tc Rescarch Departire W ¢ W tal
plant, or were taken from full-scale prog:=. ar o e

of the saruple available deterndined to some i the 3

scgle, of the experipental work. Few of the sanples could
be desciibed as pure chemicals; they were not fructionated
befde ulis 33 (he toxicological prenertics of the materials
as ‘Wege 7éjevant 1o these investigations. Where

ths_sample’ wg'sfknqvm to contaix 8 considerable ad-
- iiltyre ¢ otiEr boeponents, this information isinchuded,
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!mﬁé’r‘i’q’ arhical lhdﬁ'sﬁoﬂjmitad, | ndustﬁal Hygiene Research Labdratb’rles,
Alderiey a_rk, . :

fey Park, Macclesfield, Cheshire
$ A, A . s t -
‘*f' n ¢ %
MRS RS B
[P .
L -
N * oy i
<o
e »

[P

- 'Gage,J. C. {1970y, Brir 1. incust:. tied. 7,1 4 The suhacute inhalation texicity of 169
: {.:ilndpstm!‘chcmknls. The athalatior tosiaity of 1u subsiances has been <t s.ed by exposing

*

. &¥perimental animals to Lsiown concentrations in air for perinds of ab- - .o weeks. The
: :,wy,tpxic propertizs of the<e substances are reviewed in relation to the effe s

»f similar com-

" pounds pn animals end on man. Provisional operational limits are st za¢ ..oa to assist in the
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Mostmo:xs -occupational - diseases arising from
exposure to chemicals are caused by an attack on, or
absorption through, the respiratory tract. On occa-
sion such cffects can be predicted from oral or
parenters] administration of the chemical to experi-
mental adimials, but,: in general, if a substance
presents an inhalation risk, it is preferable to under-
take & direct, igvestigation by exposing animals to
knowr concentrations in air, This survey covers the
work_on inhalation toxicity which has been under-
taken*owtr. a period of 20 years in a laboratory
engagell.in the study of the toxic properties of
chemitals used in indpstry.”*

All.of the simples iovestigated for inhalation

toxicity over this period were submitted by the manu-

facturing ‘divisions 8f ICI Ltd.; they averaged about

30 & year. Not afl of these have been included in this
survey.. Some weré of . too indeterminate a com-
position, such as still residues; some were proprietary
products whose formulation was uncertain; for some
the investigationm was never completed for a variety
of reasons; for & few; publication has been restricted
for commetcial of other considerations. -

The afm of thes Invistigations has béen to provide
ipfaemationt fo ald in p
lishment'of salety precautions to' prevent occupa-
tional discase when the matgrials are produced or
med.;nngnnfunmng operations. The experimental

: oyl A T

N

t design and in the estab-

..gdesign of new plant and in the establishment of codes fo: safe mevufacturs. g practice.
R R .

‘-

results have led t¢: 1 decision on whether the com-
pound may be handled without special precautions
other than those demanded by sour~ men.factuting
pra:tice. whether exhaust ceptilat v shavtd o2 ine
stalled or whether other featuies in plant de--gn are
required to prevent excessive exposure The resylts
have also enabled a prediction of ¢t Fecis likely
to be encountered in man frcin bief or repeated
over-exposure, and have provided ‘guidance on
treatment to a works meaical officer confronted
with an accident or with a failure to apply the recom-
mended safety precautions.

“The compounds investigated arce indexed below in
alphabetical order.

1-Acetyl-y-butyrolactone, 10

Acrylic acid, 6

Acrylyl chloride, 14

Adipic acid, 6

2-Asinobutan-l-ol, 10
2-Aminomethyl-3, 4-dihydropyran, 11
Bis-2-chloro-l-methylethyl ethec, ©
Bis-2-ethoxyethyl ether, 6
2,2-Bis-p-hydroxyphenylprcpane, 14
Bis-2-mettoxyethyl ether, 6
Bis-3-mcthylbutyl peroydicarbonate 11
Bispentafluorosulphur oxide, 13
(2-Bromoethoxy) benzene, 7
S-Bromopentan-2-one, 6
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UNTERSUCHUNGEN {IBER DEN EINFLUS3
DER DIACIDOGENEN FETTSAUREN, C, BISC,,,
IHRER GLYCERIDE UND EINIGER NAHRUNGS-
FFTTE AUF DIE OXALSAURBAUSSCHEIDUNG

BEIM MENSCHEN.
\'on
GERNARD KABFLIIZ.
Ant er 3 Jizmisohen Universitatsklinlk Halle s, 5. (Direktoc: Proi. e R, oubtn.

Dureh dic Arbeiten von VERgapy, und Leg sewie von
Frasenrsrracir und Mitarbeitern ist ruller der #-Oxvdation
der Vettsiuren (Kyoor) nuch ein anderer Oxydationstyp, dic
sog. «»-Uxydation, bekaunt gewurden,  Dinser Oxytitions-
forin untesliegen vorwicgend die grad- und ungradzahligen
Fettsivien mit ciner Kohlenstoffatonizall zwischea 612
Bei der o-Qxydation entstehen im interediiiven Stoffwegivel
Dicarbonsituren, die, soweit sie einer weiteren Oxrdation
unterlicgen, f-oxydiert weiden, Ein Teil der enrstebenden
Dicarbonsinren entgeht depr weiteren Abbaw imintermediiren
Sec tfwechsel und kommt im Urin zur Ausscheidung. Viese
Diciybonsiuren haben die pleiche C-Atomzahl wie die ver-
fotterte Fettsdure oder wie die win 2 und 4 Kohleastofiatone
drmere SAwe. Die stirkste Diacidurie bewirken die Fedt-
stiuren Cyq und €y (VERKADE). ’ .

Die Menge der im Urin xuwre Ausscheiduny gelangondon
Divwbonsuren ist im Vergleich gue verfitterten Fetieiure-
tnenge gering, VERKADE konnte 2. B, nach perorider Applila-
tion von 4% g Trivndecylin {Cyy) im Urin 1R Neradi-
carbonsfiure (C,,), 0,37 & Acclainsiure {C) uud 0,35 4 Pimelin-
saure (C7) isolicrer. Auch nach Untersuchangen von Fra-
SCLENTRAGLR sowie neucrdings von Emmricn werden dic
Dicarbonsfiuren mit kilrzerer C-Atomketie in wesentlich
geringerer Menge ausgeschieden. Nach Verxabr ist dic
Adipinsiiure (C;) die niedrigste Dicarbonsiiure, div als Stoff-
wechselprodukt der o-Oxydation der Fettsiuren im Urin
auitritt. Neuere Untersuchungen von Haxsox, der Versuche
am Menschenw mit einen Fett durchiiibrie, dasin einent haben
Prozentsatz ungradzahlige Fettsiuren enthielt, ergaber aurh
eine crhebliche Ausscheidung von Bernsteinsiure im Urin, die
vermutlich cbenfalls als Abbanprodukt der m-Oxydation ent-
standen ist. VERKADE konnte dagegen bei seinen Versurhen
keinen Anstieg der BernsteinsBurcfraktion im Uvin feststellen.

Theoretisch ist gut vorstellar, dad auch Oxalsiture also
Dicarbousiure mit niedrigster C-Atomzahl durch dic w-Uyy-
dation in cinem geringen Prozentsatz entstehen kann In
diesem Sinne sprechen auch Versuche von Mokt an IKaninehen.
Tir beobachicte nach der Verfiitterung von Adipiusiine (i)
cine 3---4mal so holie Ausschejdung von Oxaladuie un Lo,
Omawa konnte jedoch diese Befunde bei cmer spaferct
Nachuntersuchung nicht  bestdtigen. ANprwsey, der uul
Vetanlassung von FLASCHENTRAGER, Adipinsiure an Mens Ten
und Hunden verliitterte, fand ¢benfalls wic Mo ctuz wosent
tiche Vermehrung der Oxadsfure im Ui (3- gy dvw. 15 Yin
3.5fach). )

Bei dor Aufarbeituny des Unins auf Dicabonsauren nacl
den Angaben von VERK DX wie auch’ von FLASCHE N TRAG S

.
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. i AT B ¢ Ausgeschicdene Oxalsdurcmengen
A, <, Fettsur ?S‘Y‘l’l’id__ = o 1. Versuchsperson zb\'crsuc]:s;ers;; :
o £ s C . : ac mg * mg
1 " . N . T
VorverSuch: 1. Tag®. ..o o o 16,9 13,2 F
: 2., e - S15,5 1,3 o
. o 2 Y T R feer o,
Versuch: b S cwoow o208 13,6 .7
Cq. z. ., N R A 12,6

‘ B RO R AR A R L 131
. Vorversuch: Mittéhweert. . . . . S 162 123
YVersuch: Mittelwert . . . ... .0 17,9 - f 13,1

Vorversuch: 1. Tag . . v . Loas4 | - oca06
N Cor 2T e . IETTE »' 10,0 . 12,6 T
Versuch: . ’1.;,‘,:"'-» T ;v . Targ ""14,2
C7~," 2. ,,.‘ e e el - . 15,4 e f17,4 ¢
B TR PO RS % - 14,8
Vorversuch: Mittelwert. . . ... . ( 12,7 15,6
Versuch: Mittelwert . . . W . o o 13,3 15,5
. . t
Vorversuch: 1, Tag . .0 . . .. “1z,9 ¢ {7 89 ;
- ‘2. P L X2,1 L3020
“Versuch: e pae e el ele T 7322 T 10,5
i CB ) oo . 11,6 - Yo,0
‘ PEUAER S I 0.1

9,6 -
07 i

Vorversuch: Mittelwert. & . . o ©.. 12,5
Versuch: Mitlelwert & . .0 . . 0 7 121

|
| <
Vorversuch: 1.Tag . . « .. o . | 12,6° . 172
oo B R RS N s 15,1 :
Versuch; Ty e e |i I 7 ; to102 :
" Cq SR, S e T 100 b ' 8,8
3 T ] ‘| * 3,7 ] 12,6 .
Vorversuch: Mittelwert. v i 10,1 { 16,2 :
Versuch: Mlittetwert . . v . T 10,4 R 10,5 o
-Vorversuch: 1. Tag ; 9,0 { 14,0 i
- T2l g e B & ; 12,3
SVeérsuch: ™ 1., 22,% | 8.8 4
. { . - t y ‘
~Cyp 2. L1000 12,0
T S30 0 11,7 5 10,7
. Vorversuch: Mittelwert, « oo o v f 10,1 ; 12,5
iVersuch: Mittelwert .« o« o0 . 14,0 : 10,
;
.Vorversuch:. 1. Tag . oe e s }; .03 : 12,5
20 4, e PN LS x 1z,
g : ! . i . |
“Versuch: . 1. ,, . A R £ 10,9
v Cn T 11,2 l 149
p o ooy e oe " 12,5 13,4
Vorversacht Mittelwerr, o0 0 07 1} . 11,0 ERTE SR
iVersuelts Mittelwert v o 0 0 0 o0 10,5 - | 12,0 -

Key:

A. fatty acid glyceride B. excfeted amounts of oxalic acid
a, first test person b. second test person

1., preliminary test 2. experiment

3. day 4. mean value
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In the case of these testsas well, we could determine no
effect of the various fats on the oxalic acid fraction could be
determined. We can therefore omit the exposition of the individual
analysis values., Likewise, we could determine no decrease in the
amount of oxalic acid excreted upon higher fat intake. ‘The decrease
in oxalic acid excretion after large fat doses obgserved by other
researchers is probably due to the thus caused decreased intake of
other foods (vegetables, bread, meat, etc. )during abundant fat intake,

Summary: Oxalic acid excretion in man is not affected by the
intake of diacidogenic fatty acids or their glycerides, The ordinary
food fats, which usually contain a very small percentage of diacidogenic
fatty acids, also cause no inecrease Or decrease in oxalic acid

excretion.
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with other methods. According to Wegrzynowski, the absolute values
are also wuite precise with this method. Merz and Maugeri do
consider the ether extraction of the oxalic acid to be very incom-
plete. We attempted to restrict this error by intensively extracting
the extraction product with sufficient acidification with hydro-
chloric acid, in order to limit the dissociation of the oxalic

acid as much as possible. In some control determinations, no more
oxalic acid could be found in the already de-etherized éxiraet.

The production of the triglycerides of the fatty acids was
accomplished a 12~-hour dbeiling of the fatty acid-glycerine mixture
in a reflux cooler in the presence of zinc as a catalyst., The
substance obtained was washed out with a great deal of water and
several times with a weak bicarbonate solution, in order to remove
free glycerine, fatty acids, mono- and diglycerides.

The examinations were performed in the following manner: 2
healthy persons each received a standard diet for 4 days before the
beginning of the experiment. The composition of this diet was as
poor as possible in oxalic acid-containing foods and was extensively
constant. This diet was also given during the 3 days of the experi-
ment. Two days before the beginning of the experiment, the amount of
oxalic acid excreted daily was determined. On the morning of the
first experimental day, each test person received 50 g of the fatty
acid or the glyceride through an intestinal tube. The urine was
collected on the test days and for the following two days, and the
oxalic acid was determined quantitatively., In the case of some
gsensitive test persons, vomiting or diarrhea appeared shortly after
the fatty acid intake. These experiments were then repeated on other,
less sensitive test persons. Only those experiments were evaluated,
in which no stomach-intestine disorders appeared.

The results of the teats uniformly revealed that the oxalic acid
fraction undergoes no changes as a result of administration of larger
amounts of diacidogenic fatty acids or their glycerides, other than
changes that lie within the individual range of variations or errors.
In order to conserve space, the following table shows only the test
results of the glyceride group of experiments. The anglysis values of
the tests with the free fatty acids generally correspond with these
test results.

In the case of the constant diet, the oxalic acid excretion for
most of the test persons was very near the average. Only in the case
of a few test persons did the values vary outside the average range.
These variations are probably determined by the individually different
intestinal flora (oxalic acid-forming bacteria).

In the second test series, 2 test persons each received an
additional 150 g batter, olive oil, pig lard or margsarine along with
the standard diet daily for 5 days, with an intermediate period of
2 days each between the individual test sections. Unfurtunately, due
to extraneous (time) circumstances, the 4 fats could not be given to
the same test persons. Only 2 fats each were examined for the same test
persons. Before the beginning of the experiment, the participants
received a standard diet with the same amount of a mixed fat (butter
and margarine) for 4 days. After this, omly the corregponding
test fat wad given., The oxalic acid determination was done on the
1ast two days of the preliminary test and on 4 days of the actual ex-

periment.
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a later investigation. Andersen, who at PFlaschentriger's request

fed men and dogs with adipic acid, found, like Mori, a signifi-

cant increams~ in oxalic acid in the urine (3-4 or 1.5 t5 3.5 times).
In the processing of the urine for dicarboxylic acids according

to the data of Verkade and Flaschentrdger, who extracted the

acidified urine with ether and later crystallized the dicarboxylic

acids in fractions out of the ether extract with organic solvents,

the oxalic acid is lost, or can be obtained from the remaining

0oily residue of the extraction product only in small percentage.

Thus, in order to clarify this matter, it seemed important to
us to process the exalic acid fraction of the urine specially.

This research is not only theoretically interssting, but also
medically. Even if the usual foed fats contain no or ornly a few
diacidogenic fatty acids, coconut oil, for example, and to a lesser
degree some plant oils, contain fatty acids with a C-atom count of
6, 8, 10, 12 and 14, which cause a slight diaciduria (verkade). Thus
recently Hock reported on a fat that contains abundant amounts of
uneven count fatty acids with moderate C-atom count and that,
according to Hanson, leads to an excretion of dicarboxylic acids

in the urine in metabolic experiments on men. Thus, if the oxalic
acid excretion in the urine were increased by the @W-oxidation of
fatty acids, then the usefulness of a fat containing diacidogenic
fatty acids as food would be limited considerably, or would be
prohibited entirely.

There have been numerous detailed investigations concerning
the metabolism of oxalic acid. The upper limit of the amount of
oxalic acid excreted daily is 20 mg (Fdrbinger). The exogenic oxalic
arid portion comes from the oxalates of the food, or forms in the
stomach-intestinal tract as a result of the activity of microorganisms
(Bact. oxalatigenum, Bact. oxalagenes)from potatoes, vegetables,
cereals, etc. (de Sandro, Piccinni and Lombard). In the case of
a diet rich in fat, less oxalic acid is supposedly excreted in the
urine than in the case of a diet rich in meat and carbohydrates
(Klemperer, L#thje, Mills, Raubitscheck, Stradomsky and others).
Resides this, oxalic acid arising from the intermediate metabolism,
formed endogenically, is also excreted in the urine. It supposedly
originates from the collagenic substances (connective tissue), but above
all from glycocoll and creatinine (Frbinger, Klemperer and Tritschler,
Lithje, and others).

Our experiments were performed in two series. In the first
experimental series, the fatty acids C6°C1}’ known to be diacidogenic,
were examined as free fatty acids, and in *a_ second group., the
giycerine esters of the same fatty acids were examined individually
for their effect on the oxalic acid fraction in men. In the second
experimental series, the ordinary food fats (butter, pig lard, margarine
and olive oil) were administered to men in large amounts and the
oxalic acid excretion determined.

The quantitative determination of oxalic acid was done according
to the method of MaclLean and Salkowski. Processing for series
examinations is actually somewhat protracted, but the relative
compnarative values agree well in the case of this method. Besides
thié, a larger quantity of urine (0.5 1) is processed, 8O that the

dotermination errors are much smaller than they are in comparison
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RESEARCH ON THE EFFECT OF THE DIACIDOGENIC FATTY ACIDS, C. to Cyq,
''HEIR GLYCERIDES AND SOME FOOD FATS ON OXALIC ACID EXCREQION
IN MAN

by
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Prof. Dr. R. Cobet)

The works of Verkade and Lee, as well as Flaschentr#éger and
collaborators have revealed, besides the B -oxidation of fatty acids
(kncop), yet another type of oxidation, the so-called @ -oxidation.
This form of oxidation affects above all the even and uneven count
fatty acids with a carbon atom count betwsen 6 and 12, In @&-oxidation,
dicarboxylic acids appear in the intermediate metabolism that are

-oxidized, insofar as they do undergo any further oxidation. Part
o7 the appearing dicarboxylic acids does not go through further
decomvosition in the intermediate metabolism, and is excreted in the
urine. These dicarboxylic acids have the same C-atom count as
the fatty acids administered orally, or as the acids with 2 to 4
carbon atoms less. Fatty acids Clo and C11 cause the most marked
diaciduria. (Verkade)

The amount of dicarboxylic acids excreted in the urine is small
in comparison with the amount of fatty acids administered orally.
For example, after oral administration of 480 g triundecylin (C 1),
verkade was able to isolate 19 g nonandicarboxylic acid (Cy4), 6;37 g
azelaic acid (C,) and 0.35 g pimelic acid (c7) in the urine, Likewise,
according to regearch by Flaschentrfiger and recently Emmrich, the
dicarboxylic acids with shorter C-atom chains are excreted in sig-
nificantly smaller amounts. According to Verkade, adipic acid (C7)
is the lowest dicarboxylic acid that appears in the urine as a
metabolic product of the & -oxidation of fatty acids. New research
by Hanson, who conducted experiments with mes, using a fat that con-
tained uneven count fatty acids in high percentage, also revealed
a considerable excretion of succinic acid in the urine; this acid
supposedly also formed as a decomposition product of W-oxidation.

On the other hand, in his experiments, Verkade could determine no
increase in the succinic acid fraction in the urine.

Theoretically it can easily be imagined that oxalic acid, too,
as a dicarboxylic acid with the lowest C-atom count can appear in
small percentage through @ -oxidation. This is supported by mori's
experiments with rabbits. After feeding of adipic acid (C6), he
observed 3 to 4 times greater an excretion of oxalic acid in the
urine. However, QOikawa was not able to confirm these findings in
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Males. The average body weights
it the male rats are tabwlated in Table
{1 for cach B-week interval, Through-
ot ihe entive Zeyear study, the 0.1 and
11 adipic acid proups were comyprarable
wnh the control groups.  During  the
apid growth period, the weight gains
of the 3 and 5%, adipic acid and the
3 and 5% citric acid groups were signifi-
cantly less than the control groups; how-
ever, there was no significant difference
among these four test groups. Through-
out the latter half of the study, the av-
crage body weights of the various test
groups were not remarkable—although
ihe 5% adipic acid group was consistently
the lowest.

Tahle I1I presents a summary of food
and compound consumed and survival
data for the entire 2-year feeding period.
‘There was only a slight; but consistent,
yeduction in food consumption by the
3%, adipic acid and 5% citric acid
groups.  Other test groups were com-
parable 1o the control group. The
per cent survival for cach test group
was better than th€ control group.

Autopsy data for the male animals
that died during the course of the 2-year
feeding program and for the sacrificed
rats were analyzed for incidence of
wmors and/or lung pathology. To be
included in the following table, a tumor
must have presented gross evidence of
leing a new growth.

noted at least as frequently in the con-
trols as in the experimental animals.
There was no significant difference in
organ  weights of the experimental
groups vs. the controls.

Microscopic examination of thyroid,
lungs, heart, liver, spleen, kidneys,
adrenaly, stomach, pancreas, bone mar-
row, and large and small intestines
revealed these tissues to be within
normal limits in all groups of male rats.

Females. The average body weights
for the female rais are tabulated in
Table 1I for each 8-weck interval while
food and compound consumption, to-
gether with survival data, are presented
in Table IIT. There was no significant
difference between the body weight
gains or food consumption for the two
groups.

In the last 6 months, the animals ex-
hibited signs normally associated with
advancing senility in rats. There was
an cqual incidence of blood-tinged crust
about the eyes and noscs, unthriftiness,
and body sores in buth groups. A few
control and experimental animals had
alopecia, and one experimental rat
appeared to develop a middle car in-
fection during the 102nd week. The
average weight of the kidneys, spleen,
liver, and heart, together with organ-
to-body weight ratios, appeared to be
within normal limits.

One experimental and two control
animals died during the final 6 months,

Deaths Socrificed
lung Other Total lung
Male Group pathology Tumors causes deaths pathology Tumors
Control 7 3 3 12 4 1
Adipic
0.1% 3 2 3 7 7 2
1% 1 2 2 5 7 2
3% 3 . 1 4 3
5% 4 1 5 4
Citric
3% 1 2 3 6 1
5% 1 2 1 4 4 1

Ihese findings appear not to be re-
sted to the compounds under study as
m equivalent incidence was observed
@ the controls. :

Throughout the study, especially the
“nal 6 months, the following signs were
“hserved among all the groups, including
‘he controls:  wheezing, blood-tinged
“tust about the noses and eves, and body
“nes,  The incidence of these findings
il not appear to be significantly dif-
“tent among the groups although a
“wer incidence of signs indicative of
“spiratory infection and - body sores
eurred in the 8€ adipic acid group.

When (he surviving males were sacri-
“ed oac thie end of the Z-year period,
“ere was no significant gross pathology
Yt could be related o cither come-

All three exhibited diarrhea, respiratory
infection, and loss of weight prior to
death. Upon autopsy, one control rat
and one experimental rat were found to
have tumors, while the other control
animal had a granular liver and dark
red apexes on both lungs.

When the surviving animals were sacri-
ficed at the end of the 2-year period.
there was no significant gross pathology
that could be related to ingestion of the
compound. There was an equal inci-
dence of mottled, granular livers with
peripheral thickening in both the control
and experimental animals.  Two of the
surviving control rats and one experi-
mental animal had  ovarian twmors;
ovariin cysts were noted in both control
and experimental rats.
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The results of the above experiments
indicate that adipic acid is significantly
less toxic than tararic or citric acid
following intravenous administration to
mice. The doses were calculated as
milligrams per kg. and as millimoles
per kg The action of these three acids
appears comparable,

No direct comparison of the intrave-
nous toxicity of citric acid in these tests
and those reported by Gruber and Hal-
beisen (4) is possible because they used
a faster rate of injection. The LDso
values of 1.06 millimoles per kg. ob-
tained in <his experiment is midway
between the LDy and the LD of
Gruber and Halbeisen.

Single cral administrations of an al-
most saturated solution {3%) of adipic
acid did not cause appreciable mortality
in toleiable volumes. With a 69 sus-
pension, the LDy approximated 2 grams
per kg. Comparable values for citric
and tartaric acids are not available.

Following intraperitoncal administra-
tion to rats, adipic acid appears to be
more toxic than citric (6). The intra-
peritoneal adminisiration of adipic acid
resulted in  extensive irritation and
adhesion of visceral organs.

During the rapid growth period of
the 2-year feeding studics, weight gains
for the male rats receiving 3 or 5%
adipic or citric acid was significandy
less than the male controls; however,
there wa3 no significant difference
among these four experimental groups.
Growth for other groups—0.1 and 1.0%
male and 1.09%, femalc—was compar-
able to that of the respective controls.
There was no evidence of gross pathology
associated with the feeding of either
acd. There was no significant dif-
ference in survival among the various
groups from the controls. The inci-
dence of lung pathology, tumors, or
solt testes was observed at least as fre-
quently in the controls. The organ-
to-body weight ratios appeared to be
within normal range. The results of
nucroscopic  examination  appeared  to

be within normal limits for the represen-

tative tissues studied.

Comparison of the chronic [fecding
off adipic acid with citric acid (herein
reported) and also with tartaric acid
im an equivalent study (3) indicates
that adipic acid is comparable with
citric and tartaric acids.
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Table |.

(Dosages arc as the acid.

Dose,
Mg./Kg.

175
200
225
250
300
350
400
450
475
5Q0
o0
675
700
1500
2000
2500

LD, mg./ke.

Confidence limits,

mg./kg.
LDjgs, millimolgs/kg.

Albino Mice or Rats

tested)
Adipic Citric,
Intra- Intra. Intro-
Oral®, peritoneal®, venous®, venous,
mice rofs mice Mice
2/13
1/7 6/13
10/13
33
4/7
6/7
413
7/13
8/13
3/13
8/13
9/13
1900 275 680 203
1640-2200 193-392 653-708 190--217
13.0 1.88 4.65 1.07

# 6% suspension in 0.5% methyl cellulose,
8 304 aqueous solution.
¢ 2¢% aqucous solution.

Acute Toxicity of Adipic, Citric, or Tartaric Acid to Male

Values are the number of animals dead per number of animals

Tartarle,
Intra-
venous*,
Mice

0/3

0/2

1/13
2/13
9/13

485

462-509

3.23

Table .

(Controls received the basal diet.

indicated percentage of the adipic acid or citric acid)

__Average Body Weight in Groms

Summary of Average Body Weights of Albino Rats

Other animals reccived the basal dict containing the

Females

_ . Moles Adipic

Adipic Af_i_c_!' e __C_'i_'fi_&Agid_ acid,

Week Control  0.1% 1%, 3% 5% 3% 5%, Control 1%
[ 59 61 63 61 57 62 61 49 48

8 269 280 265 224 182 239 225 178 175
16 125 333 320 276 233 298 278 222 213
24 361 374 354 309 264 329 320 242 233
32 377 291 376 329 291 328 339 257 249
40 397 407 401 357 314 370 361 279 263
48 423 433 421 372 322 393 37 275 270
56 428 447 436 380 336 400 388 286 277
64 426 455 436 385 339 407 401 295 284
72 407 447 431 385 336 400 389 301 288
80 408 449 430 383 349 411 391 313 301
88 413 448 432 398 344 411 389 309 303
926 432 424 436 396 354 409 393 318 308
104 440 417 437 400 360 417 397 321 304

Table lil. Sumrﬁary of Data for Albino Rats Receiving Basal Laboratory
Diet or Basal Diet of Adipic or Citric Acid for 2 Years

{Per cent of survival based on length of survival as well as number of animals)

Level

Contrel

Adipic acid
01%
1%
39%
s

Citric acid
307
8¢

Sex

M
F

M
M
F

M
M

M
M

Food Compound
Av. Body Consumed, Consumed,
_ No.of Rats . Weight, G. G., Mg.,
Stort  Finish Initial  Final  Av./Rat/Day Av.[Rot/Day
20 8 59 440 16.8
10 8 49 321 14 2
20 13 61 417 17.0 17.0
20 15 63 437 17.5 175
19 17 48 304 15.8 158
20 16 61 400 16 .8 505
20 15 57 360 158 814
20 14 62 417 171 512
20 16 61 397 15.7 784

Survival,

82,
98.

87.
94.
96.
94
97

92.
95.

SO NURW-aa Vwn
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values of 680, 203, and 485 mg. per ke
respectively (4.65, 1.04, and 3.25 mill;.
moles per kg.). The results of thew
experiments are presented in Table ]
These acids caused immediate, convij.
sive deaths, probably due to acute acid- ..
sis as the pH of the solutions was 3.6x
2.50, and 2.53, respectively.  Autope
thowed hemorrhagic lungs but e
other gross pathology. In survivor
recovery was apparcntly complete and
there were no latent deaths. Statis.
tical analysia was donc by the method
of Litchfield and Wilcoxon (9).

Chronic Fezding. Young male ang
female albino rats of the Carworth 1'ari;.
strain, having approximate mean initig
weights of 60 and 50 grams, respectively
were sclecied at random {or use in thew
studies. All of the rats were house
individually in cages with wire mesl,
floors clevated above the dropping.
The animals had frec access o food and
water at all times.

Groups of rats were placed on eithes
the basal laboratory di~t or the basa
diet containing either adipic acid or
citric acid, as follows:

Gioup Moles  Femoles

Basal laboratory diet

used zs coitrol 20 10
Basal dict containing

0.1% adipic acid 20 0
Basal diet containing

19¢ adipic acid 20 19
Basal dict containing

39, adipic acid 20 0
Basal die* containing

5% adipic acid 20 0
Basal diet containing

39, citric acid 20 4]
Basal dict containing

5% citric acid 20 0

The Lody weights and food consumyp-
tion of all rats were recorded at weckh
intervals during the course of the study
In additicn, weckly observations were
made of the general appcarance and
condition of each animal. Wheneve:
possible, gross autopsy was performd
on those animals that died during th
course of the experiment.

Alter 2 yzars on the respective dicts.
the surviving rats were weighed, sacii-
ficed by a blow on the head, and oy
amined for gross and microscopic p.
thology. The brain, thyroid, lungs, hcut
liver, spleen, kidneys, adrenals, stomahs
and tcstes of approximately hall
each group of males were weighet
The kidneys, spleen, liver, and heart ¢!
each female were weighed. Micr-
scopic examination of the followin:
tissues were done on a representative
number of animals of cach grouv
thyroid, lungs, heart, liver, splecn
kidneys, adrenals, stomach, small it
testine, large intestine, pancreas, bonr
marruw, testes or ovaries, and uterus.
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Increased usage of adipic acid as a food additive has prompted the comparison of it

with citric and tartaric acids.

Acute and chronic administration to laboratory animals

has shown that adipic acid is comparable to these acids and is a safe food additive.

pipic acip (1,4-butanedicarboxylic
"X acid), citric acid (2-hvdroxy-1,2,3-
¢u]»anc(rica1~lmxy1ic acid), and tartaric
d Q ,2-hydmx§~1 ,2-cthanedicarbox-
. acid) are straight chain organic acids
.1, 5, and 4 carbon atoms, respectively.
vtipic acid has no substituted groups,
_1ric acid has both a hydroxy and car-
~wylic group substituted on the second
arbon, while tartaric acid has a substi-
aied hydroxy group on both the first
b second carbons.  Of these  acids,
aly adipic is nonhygroscopic.  Because
{ the increased interest in their use as
mod additives, the following work was
andertaken.

Review of Available Literature

Rosc (70, 17) is responsible for several
investigations in the course of which
he found that, following subcutancous
«dministration, adipic acid was mildly
iritating to the kidneys, while glutaric
acid (1,3-propancdicarboxylic acid) was
ncphrotosic.  In 1925, Rose and co-
workers (72) concluded from their in-
vestigations that none of the higher
horuologs were  irritating to the kid-
neys,  Corley and Rose (7) examined
19 ditTerent acids for nephrotosicity but
found that only three—tantaric, mucic,
and glutaric— exerted pronounced toxic-
ity.  Mucic acid is tetrahydroxyadipic
acid. ‘These authors concluded  that:
The number of carbon atoms, per se,
present in a dicarboxylic acid has no
relation to its toxicity; the introduction
of a hydroxy or ketonic group on the
first carbon of glutaric acid destroys
its nephrotoxic effects; and the intro-
duction of a hydroxy or kctunic group
on the first carbon of adipic acid docs
tiot influence the toxicity.

Somewhat later, Harding and Nichol-
son (8) directed studics toward eval-
uating this apparent  discrepancy in
toxicity in acids which possessed rather
similar  properties. ‘Their studies in-
dicated that following either subcuta-
neous or intramuscular administration,
ghitaric acid was readily absorbed with
a minimum of local reaction, whercas
adipic acid caused marked local reic-
tion at the site of injection and higher

' Deecased.

homologs of the series could be defi-
nitely identified as retained crystals at
the site. Based on these observations,
at lcast a portion of the difference in
renal toxicity might be due to poor
absorption of adipic acid and the higher
homologs;
nephrotoxicity of glutaric acid. How-
ever, following subcutancous adminis-
wration, Flaschentriger (4) recovered
approximately 509 of administered
adipic acid in the urine.

In 1942, Enders (2) reported that
adipic acid, azelaic acid (1,7-heptane
dicarboxylic acid), und sebacic acid
(1.8-octanedicarboxyvlic acid) are only
slightly toxic when given in large single
oral doses to rabbits, or when fed daily
to rats over a long period of time.
Pxcretion of these acids in the urine of
rats showed adipic acid to be more slowly
excreted than the others.

Simola and Kosunen (73) fed the
sodium salts of a series of organic acids
in single doses to adult rats and an-
alyzed the urine for increased citric
and ketonic acid excretion. All of
the acids studied increased both the
citric and ketonic acids, but the in-
crease was slight with adipic acid.

Both Hanson (7) and Wrcitzel (74),
in their studics on the urinary recovery
of orally administered adipic acid to
humans, concluded that decomposition
took place in the body with small
amounts being more completely cata-
bolized than large amounts.

An unpublished report by Foulger
(%) is of particular interest from a prac-
tical standpoint as it presents the re-
sults following the repeated administra-
tion of relatively large doses of adipic
acid. lmmature rats failed to gain
weight properly when given 638 to
1332 mg. per kg.  Fitzhugh and Nelson
(3) reported 2-vear rat feeding experi-
ments on several acids, including tar-
taric acid, which they found was not
toxic in concentrations up to 1.27; of
the diet.

More recently, Gruber and Halbeisen
(6) rcported that, following intraperi-
toncal administration to rats, adipic
acid appears to be more toxic than
citric. They reported deaths from citric
acid up to 1 week but could not asso-
ciate this with postmortem  findings.
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their work confirmed the’

The intraperitoneal administration of
adipic acid resulted in extensive irrita-
tion and adhcsion of visceral organs.
A rapid intravenous injection of citric
acid in mice resulted in an LDjs of
0.22 millimoles per kg. When the in-’
jection was made at the rate of 1.5
millimoles of acid per minute until
the animals died, the average LDios
was 2.08 millimoles per kg.

Experimentol

Acute Oral Administration. Male
albino mice were used in this study. A
39, aqucous solution of adipic acid, kept
at body temperature, was triedd but
proved impractical as sufficiently large
doses 1o detenmine an LDy could not
be administerec. Therefore, a 6%
suspension of adipic acid in 0.5G; methyl
cellulose was administered orally, re-
sulting in an LDy of 1900 mg. per kg.
or 13.0 millimoles per kg. (Table I).
Autopsy of the animals that dicd showed
distention of the stomach and small
intestine, viith a spastic concentration
of the caccum. Irritation and bem-
orrhage of the intestines were noted.
Initial mortality developed overnight
and deaths continuéd throughout the
first week, afier which survivors appeared
normal. All animals were sacrificed
after 10 days. |

Acute Intraperitoneal Administra-
tion. A few mice were given lethal
doses (600 and 900 mg. per ke) of a 305
aqueous solution of adipic acid intra-
peritoneally,  These mice showed de-
pression imrmediately and. at autopsy,
the intestines appearcd irritated and
the lungs appeared hemorchagic.

Male zlbino rats were given a 395
aqueous schition of adipic acid intra-
peritoncally (Table 1).  Mortality oc-

_curred during the first 5 davs. The

LDy, was 275 mg. per ke, (1.88 milli-
moles per kg). Animals that suc-
cumbed showed hemorrhagic lungs and
irritation of the intestines. The sur-
vivors, sacrificed 1 week after adminis-
tration, showed extensive irritation and
adhesions of the visceral organs.

Acute Intravenous Administration,
Intravenous injection to mice at various
dusage levels, at a rate of 0.01 ml per
second, with 295 solutions of adipic,
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NEPHROPATHIC ACTION OF DICARBOXYLIC ACIDS 381

Sodium suberate: Kidneys. Rabhit 5064, A few areas of fibrons
connective tissue proliferation and lymphoeyte infiltrution were seen
around a few of the glomeruli and the surrounding tubnles. Remainder
of kidney, normal.

Rabbit 656 and 657. No abnormalitics noted.

Site of injection: Rabbit 5064. There was a raiced nodule o the
site of injection with capillary engorgement. The surrounding rau-cle
was entirely destroyed, and was replaced by a necrotic mass inhjrrced
with a number of polymorphonuclear leukocytes. Surrounding he
area of necrosis was an area of inflammatory reaction, in whieh the
muscle cells had disappeared and been replaced by young graniiation
tissue, heavily infiltrated by an endothelial cells and polvmorphonuelear
leukocytes. Scattered through the area of necrosis in the +nidathelial
cells, and between many of the less severely damaged muscle fibers
were numerous fine granules which stained a muddy red with Scharlach
R. (Granules of suberic acid embedded in gelatin and stained with
Scharlach R had the same muddy red appearance.)

Rabbit 656 and 657. As rabbit 5064 except that rabbit 657 showec
an abscess of about 3 mm. diameter at inoculation point. The abscess
was sterile.
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" ¢. Resulls. The examination of the urine for albumin aad

casts will be found reported in table 1. Table 2 shows the non-

protein nitrogen determinations on the same animals. TUrea

determinations were also made on the blood samples. The

results of these determinations ran parallel to the non-protein

nitrogen results and are not reported for the sake of brevity.
d. Aulopsy reports:

Controls: Ksdneys. Rabbit 150. No gross or microscopic ab-
normality. _

Rabbit 97. No gross or mieroscopic abnormality.

Rabbit 495. Glomeruli normal. A few cells in some of the con-
wvoluted tubules showed slight granular degeneration.

Sodium succinate: Kidneys. Rabbit 597. A few tubules showed
eells with swelling and coarse granulation.

Site of injection: Rabbit §97. Gross examination; slight engorge-
ment of blood vessels but no swelling. Microscopic cxamination
showed slight haemorrhage with leukocytosis between some of the
muscle fibres.

Sodium glutarate: Kidneys. Rabbit 151. Normal in gross, a few
sonvoluted tubules showed granular degeneration.

" -~ .Rabbit 165. Convoluted tubules showed marked granular degener-
stion. Cytoplasm swollen, coarsely granular and intensely eositophilic.
"Sorge of the cells were disintegrating, and being desquamated into
fomins of tubules. Glomeruli appeared normal.
# Rabbit 497. Convoluted tubules showed very extensive nccrosis
with marked calcareous deposits throughout. Glomeruli appeared
vm. B . :
fite of imjection: Rabbit 414. Bland necrosis of muscle fihers
.- extending for short distance around site of injection. Slight infiltration
of polymorphonuclear leukocytes in area.

Rabbit 639, - 8light engorgement of blood vessels. No swelling.

"Badium adépate: Kidneys. Rabbit 628. Normal.

8ite of injection: Rabbit 628. Marked diffuse swelling. Blood

. veswels markedly engorged with marked necrotic area infiltrated by
- . endothefial cells and Jeukocytes.
- Rabbit 412. Marked swelling and distinct reddening of *issues.
Marked necrotic ares infiltrated by endothelial cells and leukosytes.
Rabbit 522. Bimilar to above,
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observed a temporary nephrotoxic action of this acid. The
amount which reaches the kidneys, however, must be small,
and we certainly attribute this partly to its localization a% the
site of injection and partly, as Rose suggests, to its possible rapid
oxidation.

We feel then that the unique position of glutaric acid as a
nephrotoxic agent to the rabbit is rather apparent than real;
that the dicarboxylic acids as a series are all fundamentally
nephrotoxic, but that when administered intramuscularly or
subeutancously, localizing reactions, increasing as one ascends
the homologous series limit the amount which reaches the kidney.

EXPERIMENTAL

The deseription of our experimental procedure is as follows:
a. Dicarboxylic acids and sodium salls:

Succinic acid: Eastman Kodak Company pure product, recrystal-
lized twice from water.

Glutaric acid: Eastman Kodak Company pure product, re-
crystallized twice from xylene.

Adipic acid: Eastman Kodak Company pure product, recrystallized
twice from 95 per cent alcohol.

Suberic acid: Schuchardt pure product, recrystallized three times
from distilled water.

Sodium salts: The sodium salts were made by adding to the acid
the quantity of 2n NaOH required to produce a di-sodium
salt. 2.2 grams of sodium glutarate were used in each case
and the other acids were used so that the same proportion of
their gram molecular weight was injected.

b. Animals. Young male rabbits fresh from the breeder were
used. In no case were they kept in the stock cages a week before
using; generally only three days elapsed. This minimised the
occurrence of spontaneous nephritis among our animals. Urine
samples were obtained by catheter; blood samples were taken
by cardio-puncture.

One day’s preliminary fasting preceded the injection of the
sodium salt, which fasting was continued throughout the period

of observation.
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might interfere with the exhibition of their nephrotoxic action,
ope Imstinctively turns to the phywical propertics. The highoer
members of the series resembles the higher members of the futty
acids. becoming inscluble in water, and soluble in fat solvente:
their sodium salts resemble soaps rather than simple solutions
in water. The cytolitic action of soaps is well known, and it
con=equently became a possibility that auy action produced by
the higher sodium dicarboxylates might be locally confined, and
the failure to observe nephropathic action due to the non-absorp-
tion of the acid ion. We, consequently, examined the site of
injection. In the case of suberic acid our supposition evidently
turned out to be correct. Inall3 animals examined there wes an
.area of necrosis and intense inflammation. In one of them a
definite sterile abscess was present. In all of them were to be
obeerved on microscopic examination, fine granules seattered
throughout the necrotic area, sometimes scattered between the
muscle cells and in some places being engulfed by endothelial
cells. These granules stained red with Scarlach R. Under the
circumstances, as suberic acid adsorbs Scarlach R, the granules
would appear to be suberic acid, or as is probable in a necrotic
grea—calcium suberate. The suberic acid has evidently not
been absorbed, and its intensely necrotic action has been locally

. confined. The sites of injection after sodium succinate or sodium
ghutsrate showed no such reaction. Such slight reaction as was

* present might be well aseribed to the local damage produced
by the needle iteelf and the pressure of the entering sotution on
“. - The injection of sodium adipate produced a slight local swelling
. with a marked -neerotic area. Neither the necrosis nor the
infiammation was as marked as after sodium suberate but it was

- znweh more evident than after sodium succinate or sodium glutar-
ate. It is not possible in the case of this acid to observe local
evidence of its retention as in the case of suberic acid, but the
presence of a necrosis and an inflammatory reaction is taken
a8 an attempt to produce localization of the injury if possible.
Undoubtedly, in some cases, a portion of the adipic acid is ab-
gorbed and reaches the kidneys. We have stated that Rose
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so toxic an agent as the latter and in general we belicse our
results show it to be perhaps, an even less toxic ngent than Rose
imagined. The resistance of the animals evidently varied,
however, and any difference detectable between our results and
those of Rose may readily be ascribed to that cause.

We can also support Rose in his observations on the wpparent
harmlessness of sodium adipate. Here again our results might
lead to the conclusion that this acid was even less toxic than
Rose had supposed. Rose claimed a mild nephrotoxie action;
our results showed only a mild renal irritation in 2 animals out of
13. In any case it is evident that judged by results on the renal
tubular epithelium, glutaric acid appears sharply differentiated
from adipic acid. As suberic acid in our hands also shewed no
severe nephrotoxic action in 4 animals, Rose’s general conclusion
that glutaric acid is different from its higher homologues appears
confirmed.

The evidence by which glutaric acid is separated from its
lower homologues, however, does not appear so conclusive. Our
own results with succinic acid show that the difference between
that acid and glutaric acid is one of degree, and not one of kind.
That Rose failed to find any nephrotoxie acid in sodium suzcinate
is due, most probably, to his reliance on blood analyses alone.
That malonic acid showed no action on the kidney is not surpris-
ing. The instability of sodium malonate is such as to render it
unlikely that much of the injected material reached the kidney in
that form. It would be almost equivalent to giving ar injection
of sodium acetate. The position occupied by glutaric acid might
then appear as a point in a progressive increase in nephrotoxic
properties, rather than as a unique example, and the iailure to
observe similar properties in the higher members, might be due
to the development of new properties with increasing molecular
weight. Such a view is strengthened by Rose’s claim that malic
acid is slightly nephrotoxic, raising the non-protein nitrogen
and decreasing the phenolsulphonephthalein excretion and thus
linking the mild renal irritant—succinic acid with the more
intensely nephropathic agent—tartaric acid.

In search of properties of the higher dicarboxylic acids which
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TABLE 3

B Rowvng nen-protein nitrogen in rabbits after intramuscular injection of sodiun
solt of dicarbozylic acid

' NON-PROTEIN NITROGEN -
- : PABBIT
Fosu pun Pirst | Second| Third |Fourth | Fifth | Sixth | MvM3Es

day day day day day day
- | -] 2 48| M| 4 150
37} 32| 0| M| 30 87
Controls. .................... — ® | 6| ss 5
7| 37| 8| 7 60 | 60 477
(| 27 | 43| 47| 42| 47 | 52 478
26.| 35| 64| 48] 53 | 50 478
Saecinic acid................ — ] 65| 60! 65| 67 A 490
77| 63| 65| 50 ‘ 320
~ | 25| 49 87| 50| 579
— | 9| 45 | T3 151
- | 27| 37| @2 4 414
37| 48| 67| 63 839
- | 42| 8| 6| 511 71 496
T | 4| 2| @ 415
Glotaric acid.......i........ g - 46 | 75! 60 | 50 | 54 148
o —~ | 45| 80| 62| 46| 57 147
R 32 { 50| 98| 86 165
: - | e | 6! 72| 88 494
B 21 | 8|13 70| 57| 64 149
L | 44 {103 | n2 | 122 | 133 497
S (f — | 39| 39| 40 5065
. g - | 3} 32| 3 5171
RS ~ | 3| 41| 39 B175
U 25 | 48 48| 40 416
s 20 | 48| 48| 48 417
e - | 22| 2%} 8| @ 526
b Adigicacid ..o |l %ol | w| a2
S : 2 | 26| 40| 46| 55 640
B 2% | 2| 33| 30| 4 646
- ~ | 25 3| 37| I; 412
- | 23] 35| 38| 39 522
U — | 25| 33 41| 44 628

»

o - | 3t} 38 @ 5194
L X - | 0| 3| 30| 4 3064
Suberic soid. . ... T, _ pos 37 32 656
’ - | B 4 ul - as7
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Showing presence or absence of albuminuria and cads in rabbits afler intramuscular

injection of sodium sall of dicarboxylic acid

Na saLTs

Control

Succinie acid. .

Glutarie acid .. :

Adipic acid. .. ..

Suberic acid. ...

+

Second
dey

+
+

+ 44
|

+

++ +

eSS RE +r4+3+
++ +

++
++

T4l 4+4 1+
Tr+t i iht400 4147
T4+ +

P+

(AHTR WREN PRESKNT ';,’:;"
DAYH SHOWN IN NUM-
PFARENTHESES BER
None 150
None 97
None 495
Present (4, 5) 477
Present (3, 4) 478
Present (3, 4, 5) 478
Present (3, 4, 5) 490
None 320
Present (2, 3, 4) 1379
None 151
None 414
Present (3, 4) 639
Present (3, 4, 5, 6) | 496
Present (2, 3, 4) 415
Present (3, 4, 5, 6) 148
Present (2, 3, 4, 5) | 147
Present (3, 4) 165
Present (3, 4, 5) 494
Abundant (3, 4, 5) | 149
Abundant (2, 3, 4) | 497
None 5065
Present (4) 5171
None 5175
None 416
None 417
None 626
None 627
Present (4, §) 540
None 646
None 412
None 522
None 628
None 5194
None 5084
Present (3, 4) 0856
Abundant (3, 4) 657

* Anuria.
1 Death.
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"nephropathie action of oxalic and tartaric acids was due to their
precipitation as relatively insoluble caleium salts in the kidrey
tubules.

Ro sharp a divorcement between chemical constitution and
physiological aectivity invited re-investigation. We, conse-
quently, re-examined the action of succinie, glutarie, adipic and
suberic acids on the rabbit. The sodium salt was administered
by intramuscular injection, rather than subcutaneous. Due
precautions were observed on the sterility of the solutions n-
jected, and on the condition of the rabbit previous to the experi-
ment in order to minimize the risk of nephritis oceurring from
causes other than the diearboxylic acid.

The experimental details are given in the latter portion of the
paper. The effect of the injection on the presence or absenee
of albumin and casts, and on the non-protein nitrogen is shown
in tables 1 and 2 respectively. We also performed post-mortem
examinations.

The general results can be recorded as follows:

a. Sodium succinate acts as a mild renal irritant, producing albumi-

nuria and cylindruria in the majority of rabbits. Its effect, however,
is not so marked as to produce rises in the non-protein nitrogen suffi-

. ciently great to differentiate these animals from the control group.

_ b. Bodium glutarate is also a renal irritant, though a few animals
registant to its action. A few, however, appear much more

-‘Mpﬁlble and in these animals one observes a rise in the non-protein

»

aifrogen sometimes followed by recession but sometimes the path-
ological process continues to anuria and death.
‘. Bodium adipate appears innocuous. There is no more albumi-

 nmris than could be accounted for by the oceurrence of the “spontaneous

‘nephuitis” in rabbits. The non-protein nitrogen results appear at an

- algnast Jower level than in the control animals.

_d. Sodium suberate showed renal irritation in one animal out of

_ three, without any rise in the non-protein nitrogen.

The results with sodium glutarate confirm those of Wilenko (3)

-" snd Rose. It behaves as a moderately strong nephrotexic agent,
_ producing a tubular degenerative nephritis similar to that pro-

duced by sodium tartarate. It would appear, however, not to be



Haraing=-s1

Bib No. 25

J. Pharmacol. 421373-381, 1931.

THE NEPHROPATHIC ACTION OF DICARBOXYLIC
ACIDS ON RABBITS

VICTOR JOHN HARDING anp T. F. NICHOLSON
From Department of Pathological Chemistry, University of Toronto,
Toronto, Canada

Received for publication February 19, 1931

Some four to six years ago Rose and his collaborators (1)
studied the action of the series of dicarboxylic acids, from malonic
to azelaic, on the kidney of the rabbit. The acids were given by
subcutaneous injection as a solution of the sodium salt. The
effect on the kidney was gauged by the increase in the non-
protein nitrogen of the blood and by the decrease in the output
of phenolsulphonephthalein. Their results showed that glutaric
acid occupied an anomalous position in the homologous series of
dicarboxylic acids. The two acids immediately below it in the
series—malonic and succinic-—possessed no action on the kicdney,
while those immediately above—adipic, pimelic, suberic and
azelaic—though producing a temporary interference with renal
excretion, did not compare with glutaric acid in intensity of toxic
action. ‘“The data. serve to emphasize the fact . . . . that
glutaric acid manifests an unique behavior in the animal organ-
ism. Except for oxalic acid it is decidedly the most toxic member
of the homologous series.”

Such a position claimed for glutaric acid as a nephrotozxic
.agent, seems totally unwarranted by its ordinary chemical
behaviour. By no series of chemical observations is it sharply
differentiated from its immediate neighbours. It appears closely
related to succinic acid on the one hand, and to adipic acid on the
other. Rose himself showed that its calcium salt shoved no
relationship in solubility to calcium oxalate, but resembled
caleium succinate and calcium adipate. This he did, becaure
of the hypothesis of Umeda and Ringer (2) who stated that the

373
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TABLE 1 (continued)

Trichloromethyisulphenyl chloride .. 01
Sulphur chloride pentafluoride . 0s -
Bispentafluorosulphur oxide .. . (13}
Dimethy! disulphide . 5
Divinyl disulphide .. - 2
Vinyl sulphur pentafluoride .. . 20
2-Chloroethyl sulphur pentaﬂuonde 20
2-Chlorotetrafluoroethy! sulphur
pentafluoride . .. 20
4-Chlorooctaﬂuorobutyl sulphur
pentafluoride . .. 100
6-Chlorododecaﬂuoroh:xyl sulphur
pentafluoride .. . 250
Acrylyl chloride . o1
Ethyl 3-chlorophsnyll'orm1mxdlu . s
Ethylidene propylimine .. . 2
Iron pentacarbonyl .. .. .. 2
TABLE 2
SoviET RECOMMENDED MAXIMAL Au.owuw
CONCENTRATIONS :
. ppm
Isoprene 17 :(m'btkovn and Fedorova
1964 :
Cyclopentadiene 2 Uloyan (1965)
Methacrylic acid | 0003 | Stulova, Rumyantssva, undl
Ivanova (1962)
Butyraldehyde . | 03 Kotbakova (1964)
Diaminohexane 00002 | Kulskov (1967)
Cumene
hydroperoxide | 0001 Solomin (1966)
R TN
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TABLE 1
PROVISIONAL OPERATIONAL LIMITS

-izhest concentration producing no toxic effects
-, wnimals by the application of a ‘safety factor’,

hich has varied according to the effects seen at the
-oxt highest concentration. In some cases the limit
as been influenced by the established threshold

(Figures are ppm unless otherwise stated)

limit values of analogous substances, and any

information on human exposure has been taken into {;‘i’c",';';’;',,',;udi,;;
consideration, With materials with a strong odour, Decalin e
the limit has been set at the expected tolerable level. - 1,2,4-Trimethylbenzene

Not all of the substances studied have proved to
be of commercial interest. Those which have been
introduced into manufacturing processes have been
handled under proper supervision and there is no
indication that the provisional operational limit
has been set too high.

Comparison with Soviet limits

None of the substances studied has yet been con-
sidered by the ACGIH Committee on Threshold
Limit Values (1968), but several have been the
subject of investigations on animals and on man in
the Soviet Union, which have led to the recom-
mended maximal allowable concentrations in Table
2. The differences between the limits in Tables 1 and
2 are too large to be ignored. The Soviet animal
experiments are usually of several months’ dura-
tion, but it is unlikely that this plays an important
part as there is often a wide divergence between
the ACGIH threshold limit values and Soviet
maximal allowable concentrations, even when the
exposure periods are similar. The Soviet resuits
cannot be passed over by doubting the toxicological-
significance of studies on nervous system function
by techniques such as. the conditioned reflex,
negative induction or electroencephalography. It
is true that these methods are extensively used and
that there is little information in the English lan-
guage dealing with the experimental details and the
interpretation of the results; the review by Medved
and Kagan (1966) indicates that many of the original
publications are in journals inaccessible outside the
Soviet Union. It is more disturbing that the Soviet -
investigators ‘appear to havé far morg sensitive
indices of early hacmatological changés and of

organ damage. In the few Russian’papers-available -

to the author in tianslation, there is fittle indication
how the statistical significance of differetices between
the test animals and a cqatrol group undér identical
conditions has heen established. There is o doubt
of the peed for closer collaboration: between toxi-
cologists inside and outside the Soviet Union. -

I wish to acknowledge the skilled assistance which T
have received over the years, particularly from Mr. Z.
S. Berczy, Mr. C. A. Manley, and Mr. R. A. Riley.
Pathological reports have been prepared by Dr. J. G. S.
Crabbe, Dr. E. Weston Hurst, Dr. T. F. McElligott,
and Dr. D. M. Conning. . ,

[ 2-Methyl

2-Isopropoxyethanol
2-t-Butoxycthanol
Chloropropanol .. ..
Tris(pentafiuoroethyl)methanol
Dichlorodi-isopropyl ether
Diethyleneglycol dimethyl ethe
Methyl vinyl ether
Isobutyl vinyl ether
Dimethoxymethane
Propionaldehyde
n-Butyraldchyde
Isobutyraldehyde
5-Bromopentan-2-one ..
2-Chloropropane
1,1-Dichloroethene
Dichlorobutenes ..
Hexachlorobutadiene ..
1,2,4-Trichlorobenzene
Hexafluorobenzene
Chloropentafiuorobenzene ..
1,3,5-Trichlorotrifluorobenzene
Acrylic acid .. .. ..
Mcthacrylic acid

Methyl nitrite

Dimethy! carbonate

Vinyl acetate .. ..
Methyl isothiocyanate
2-Ethylhexyl acrylate .. .
2-Ethylhexyl methacrylate ..
Moethyl chloroformalte .
Ethyl chloroformate
Isopropyl chloroformate
s-Butylamine .. e
Di-s-butylamine
Tributylamine .. .
Nonylamine - .. “ee
Aminobutanol
1,6-Diaminchexane .
Diethylaminopentan-2-one
Propyl cyanide .. ..
‘Chloromtoniuih
2-Mgethoxy-2,3<dihydropyran |,
J-Auﬂnomcthyld.‘-dihydropypn .

Yy

. e

N-Fopmylpiperiding -

2-Mpthylthiszole:. .. T.. ..
3,5-Dimethyladorpboline . .. ;..
2.Meihyl1,3«dioxolane .., .
t-Butyl perokypivalate .. .
JEthyl t-butyl peroxyoxalate

O T

Phosphorus triisocyanate

Silicon tetrafluoride .. ..
Silicon tetraisocyanate . . .
Tetramethylsilane o s
Sulphur dichloride . o




Organic peroxides These compounds were irritant
to the eyes and respirstory tract, presumably be-
cause of their high reactivity, but it is not possible
to relate their toxicity to their reactivity with iodide
solution. The results obtained with cumene hydro-
peroxide may be compared with those of Floyd
and Stokinger (1958), who found the LCy, (4 bours)
to be 220 ppm in rats. Soviet claims (Bolomin, 1964,
1966) suggest that the conceatration 'of this com-
pound must be reduced to 0-001 ppmloavoideﬂ’ects
on animals and on man.

Organic  phosphorus eompomds 'l‘rishydroxy-
methylpropane phosphite has shown an unexpectedly
high toxicity: it is one of the most toxic compounds
handled in this laboratory.: It is fairly readily

"hydrolysed to yield dihydroxybutylphosphonic acid,

which is of low_toxicity by oral or parenteral
administration. Its marked action on the central
nervous system is probably due to its having suffi-
cient stability to penetrate cell membranes as a
non-ionized molecule, and its ultimate action may
be due to jts: hydrolysu product or 8 reaction in
sita. .

Diethyl phosphorchlondothwnate i pnmanly an
irritant, presumably due to the reactive chlorine
atan,bm:tnalsonweakmvlwinlubitorof
chohnstemse. :

smm enupuunds 'rhe toxjmy of»siﬁcon tetra-
fluoride is probably ‘due to hydrogen- fluoride re-
leased by hydrolysis. Similarly;the irritant action of
silicoh” tetraisocyanate may.-be dus to isocyanic

.A;

" md.'lhestablesﬂmdmvaﬁvuuqdlwtomny

Subhrunwut Thxsgmupeonuinsmunbers

becagse of sheir;high reactivity,

. which, presumably
are wexfnU itants.. ocde.
po ung, irgi wﬁmw m.t:d

" trichloro-
_ltoncuphowene-

I,chloride are at least as
tomg; otsulphur dichlor-

give, in general, a qualitative indication of the'
systemic effects obtained by inhalation studies, but, |
because of the differences in rates of absorption and +
metabolic transformations, there is little useful
quantitative information.

Inhalation experiments are of special value for thci
study of those compounds which have an imme- ’
diate or delayed irritant action on the lungs, for theg
intensity of these effects cannot be predicted with any-s
certainty by other routes of administration. A survey
of the results gives a strong indication that these
effects on the lung are associated with the chemical ¢
reactivity of the molecule, particularly if the onset of !
severe symptoms is delayed. It scems probable that ,
there is an initial modification of cell membranes, -,
as postulated fog the action of phosgene and ketene, .
followed by permeability changes leading to dedema - K}
and haemorrhage. 4

After short exposures to high concentrations of .
lung initants, the effects seen at histological ex-m- ?
ination of lung tissue indicate that death can be::
attributed to an interference with gas exchange. ;
After more prolonged exposure to lower concen- %
trations, the cause of death is less certain, for:’
although lung changes may be apparent, they are j
sometimes insufficient to account for the lethal
action. Moreover, at still lower conccntrauons .
the animals may be in poor condition with a dimini-.
shed weight incteue, without any trace of damage.
being detectable in the lungs. It scems likely that”
exposure {0 irritant gases and vapours gives rise t0
stress which is responsible for the marginal toxic ;
effects, and it is possxble that the occasional observa-
ﬁonofldxmmulm in the size of the thymus may
be m some way anecmd with such stress effects.: Y

ounthnnhlts 3
Subdicute_inhalatiot experiments fasting - appmx1-~

" mately three weeks cammot be regarded as an ade- ¢

quate basis for the establishmen: of threshold limit
values which will define safe working oonoenuatlogs%

" yndatall condition, although & study of the

mnmm:ed by the ACGIH {1966) shom,g{
their values have Boen derived from 4
tq‘ , cv:dme ‘Nevertheless,  the- resulﬁ_
Brajped: indtticss investigations permit-an asgess:

o3t pazked which. is of value td dwi
mhmmam:. or ;which;
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,r its metabolite (Carpenter, Pozzani, Weil, Nair,
kcck, and Smyth, 1956) increases the fragility of
4 red cells, and that the cffect disappears when
-he average age is reduced by haemopoiesis,peturning
anly when the normal age distribution is restored.
{sopropoxyethanol shows the same effect but to a
lesser extent. Perfluoro-triethylcarbinol is a power-
ful uncoupler of oxidative phosphorylation, an
effect which has been confirmed by in vitro studies
on mitochondria in which a dissociation between
oxygen uptake and the phosphorylation of ADP
was observed which was quantitatively and quali-
tatively similar to that from dinitrophenol (Gage,
unpublished work). This compound must be one of
the simplest to show this effect; it conforms to the
requirements of an uncoupler (Hemker, 1962) in
that it is acidic due to the influence of the fluorine
atoms on the hydroxyl group, and it is lipid-
soluble in its non-ionized form. Chloropropanol is
irritant but it does not show the central effects of
chioroethanol (Goldblatt and Chiesman, 1944).

PV

Ethers All the ethers had the central depiessant
action of diethyl ether, with the exception of di-
chlorodiisopropyl ether, which showed irritant
properties, like its ethyl homologue (American
Petroleum Institute, 1948). - .

Aldehydes and ketones The aldehydes have anaes— '

thetic properties, with no marked irritant action.
According to Skog (1950), the LCy (30 minutes)

of butyraldehyds to rats is 6% v/v. Sim and Pattle-

(1957) state that groups of men exposed to_cofi-
centrations of butyraldehyde and isobutyratdehyde
greater than 200 ppm for 30 minutes experienced no
irritation, but some nausea with isobutyraldehyde.
Soviet investigations on man (Uloyan, 1965) ¢claim

that a variety of effects are produced at 3 ppm. .

Acids A comparison of the results with acrylic
and methacrylic acids demonstrates the reduction in
irritant action by the introduction of a methyl gédup,
an effect observed with the méthyl &sters which show
a 10-fold “difference in American Conference-“of

Governmental Industrial Hygienists (AGOIH, 1968)
threshold Timit ‘Values. The Jow toxicity' off metha-
crylic acid jn- ahimalsis i canflict ‘With:Seviet
chims (Stulova, Rumyantseva, and Ivanova: 1962)

g“m&

damage, but with dichlorobutene lung irritation
predominates and the renal effect has been observed
only after percutancous absorption {Ferguson,
unpublished work). Smyth, Carpenter, and Weil
(1951) found that exposure of rats for 4 hours to
62 ppm dichlorobutene (isomer unspecified) killed
2/6. The chlorinated cthylenes, on the other hand,
are of relatively low toxicity. The results with 1,1-
dichloroethene are extended by the observations of
Prendergast, Jones, Jenkins, and Siegel (1967), who
found no clear toxic manifestations apart from a
retarded welght increase in a variety of species
exposed to 100 ppm § houre/day for six weeks,
while some liver damage was found &fter continuous
exposures 24 hours/day to 47 ppm for 90 days.
Rylova (1953) states that 25 ppm i3 irritant to man.
Pentafluorobenzone is a narcetic; Garmer and
Leigh (1967) have shown that the anaesthetic
concentration for cats is 1:5-2:8% v/v. As the
fluorine atomns are replaced by chlorine, the anaes-
thetic action remains but a cytctoxic action appears,
together with an effect on porphyrin metabolism.
The fesults with c¢hloronaphthalenc are in con-
tradiction to Soviet claims (Kapkaev, 1957) that.
concentrations in‘the region of 1 ppm cause liver
damage with‘a variety of blood changes and a
hyperacidic gastritis. ..~ -~ o

Esters The unsaturated esters of sat - carb- .
oxylic acids are typically of low toxicity, con-
centrations producing irritation and narcosis. With

-the exception of vinyl acetate, none of the esters of

this type which have been examined was sufficiently
volatile to show these effects, Dimethyl carbonate

.rapidly hydrolyses so its toxicity may be taken to

be that of methanol. The higk toxicity of the chloro-
formates is due to their great chemical reactivity;

presumnably- like phosgens they modify..cell mem-

_ branesto «produce permeability changes. Methyl

nitrite produced methasmoglovinaemia in vivo at a

rate similar to that of sodium nitrite; if its action is

dué to inorganic. nijrite theg itz ‘hydiolysis in vivo
musthe vefy tagid.. -0 B R
At LR 443 J.{f‘ !

ke The s iarid, shoved irhast

and cefitzal stimulant. effocts; theso increaséd with
ftution; but tho higher‘membegs -

tility to present a significant .
hazsid. “The results- with diaminohexhge ::

Py
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4

that concentrations down'to 6 pE: & SRS o " cJaims - (Kulakay;
i hanges . uneton of the Jers e 1547 s gt s b0l and i ot -

Chlorinated hyérocarbons '] él‘.liphb:tilcf:d\lbdn;!ed:. NitrOes

hydrocarbons demonstrated the liver and. kidney
damage characteristic of some members of this
series. The two unsaturated 4-carbon compounds,
dichlorobutene and hexachlorobutadiene, are highly
toxic; both are capable of producing severe kidney

isritant, and there is no clear indication that any of . -
the effects obeseved were due to liberated cyunide.

Helarotyelics There aue no mnotable common
foaturos in this group. K



500 ppm (D): 3F rats: 15 X 6-hr exposures: no
toxic signs: asutopsy, organs normal (slight lung
congestion?)

6-Chlorododecaﬂuorohexylsulphur pentafluoride
lig. b.p. 143°C CKCFy)y'SF,
2500ppm(D) 4F rats: 2 X 5-u exposures: nowemht
" gain: autopsy, organs normal
500 ppm (D): 4F 1ats: 13 X 6-hr exposures: no toxic
signs: autopsy, organs normal

Miscellaneous

N-Hexamcthylcmdxpanudc

solid, m.p. 250°C

Fume 18 mg/litre (H): 4M
4F rats: 15 x 6-hr expo-
sures: no toxic signs:
blood and urine tests

A
normal: autopsy (histol.)
liver eell vacuolation and

;,_‘,_c_(;w/%

Fume 15 mg/litre (H): 4M 4F rats 15 x 6-hr expo-
sures: no toxic signs: autopsy, oransn_ormll .

Acrylyl chloride : . CH.:CH-OOC!
{propenoyl chloride) :
liq. b.p. 13°C . g
100 ppm (D): AM nats: | xa-hrmosm lednrty
. respiratory difficulty, autopsy; lang ocdema - - -
ZSppm(D,xylenc) 4F rats: I % 4-hr exposure: eye
irritation, respiratory d:ﬁculty .incoosdination, 1
_died: asutopsy, -lungs- «and oedematous,
(histol.) lung emphysema‘and oedema . .-
S ppm (D, scotone): 4F rats: 5 X $hr exposures: eye
“irritation, respiratory ~ difficulty; ; kthargy,)) low

mnltempuuhn.waghtm3nu&edm3rd‘

. .day: autopsy (histoL) pneumonig 1 - <9 <5 O
25ppm(D.ac=lme) 4M. 4F rats:. 3)‘6-hrexpo-
sures: weight Joss, Jow rectal temperature, § died:
autopay; hmsdnmded. (hxstol.)lunzoodcmund

 inflapmatiop .
b mﬁ(D‘M*NWnﬁ‘ﬁ mw S

qumn!‘ thomakify

: md aolhpu mth mqblol‘f !ympbowdc

Y

Trimethoxyboroxine
liq. decomp.
Satunted (A) {3 mg/litre, (o)
600 ppm]: 3 M4F rats: !
9 X ©&hr exposures:y £
slight lethargy: autops,
orum normal

8-OMe

Propylethyhdenwmne

lig. b.p. 74°C

250 ppm (D): 4M 4F rats: 1 x S-hr exposure: eye
and nose irritation, respiratory difficulty (M more
_ affected), poor condition: autopsy (histol.) increased

in lungs

100 ppm (D): 4M 4F rats: 6 x 6-br exposures. nose
irritation, respiratory difficulty, lethargy, weight loss,
-1 died, blood and urine tests tormal: autopsy
(histol.) increased macrophages in lungs

10 ppm (D, pet. elbcr) 4M 4F rais: 1§ x 6-hr expo-
sures: no toxic slgns apart from retarded weight
gain, blood and urine tests normal: autopsy, organs
normal

S ppm (D, pet, ether): 4M 4F rats: 15 X 6-hr expo-
sures: no toxic signs: autopsy, organs normal

CH;'CH . N‘C|H1

Iron pentacarbonyl
lig. b.p. 103°C
33 ppm (D, pet. ether): 4M 4F rats: 1 x 55-hr
expasure: lethargy, respiratory difficulty, 47, car-
bexyhaemoglobin, 3 dead next day: autopsy (histol.)-
Jung oedeme and cungestion

15 ppm (D, pet. cther): 4M 4F rats: 2 x 5-5-hr
exposurcs: lethargy, respiratery difficulty, 0-2-0- 4%

obin, 4 dead 3-4 days later:autopsy

(histol .) lung oedema and congestion

-7 ppmn (D, .pet. .ether): 4M 4F rats: 18 x 5-5-hr-
expomus 0o tonc ngns autupsy, Organs normal -

Fe(CO),

T

;: RIS

i . . T

I I d I o MLoCh . - . : .
Hydrocagbons : None of: the compounds exammed

showed any effects.on. the blood cells; the results
did not confirm the rather

ﬁﬁll  that this compound hsis Such an
Mhm (Blttig. Grandjean, Rossi, and :

Soviet work (Korbakovi, §964)
cms &n %w abugentrafions of cyclopentadieds

adioh can affect the q“we&*
g4 Mmm% of "the ‘nefvoys*
Jet-wark casts doubt on,mg)gsv

£ ﬁ * g .."i:"-»("}
hO\v '
toxyethano! had the Qm@

rm t-Bn
. hasmolytic

action' otu-hutmnbauol dmiqu
O m Migchell, Mi
(IW). Tha results ummly suggwet that § aleohn}



sures: 4M 4F rats: no toxic signs: autopsy, organs
normal
i . ichloromethylsulphenyl chloride Cl1,C-SCl
lig. b.p. 148:9°C
100 ppm (D): 4M rats: 1X I-hr exposure: severe
respiratory difficulty, all died: autopsy (histol.)
lung oedema

10 ppm (D, acetone): 4M rats: 1 X 6-hr exposure:
lethargy, respiratory difficulty, 3 died later: autopsy
(histol.) lung oedema

2 ppm (D, acetone): 4M rats: 20 X 6-hr exposures:
initial respiratory difficulty: autopsy, lungs con-
gested

0-5 ppm (D, acetone): 4M 4F rats: 20 x 6-hr expo-
sures: no toxic signs: autopsy, organs normal

Dimethy! disulphide MeS-SMe

lig. b.p. 112°C ’

250 ppm (D): 2M 2F rats: 13 x 6-hr exposures:
lethargy, respiratory difficulty, low weight gain:
autopsy, organs congested

100 ppm (D): 2M 2F rats: 20 x 6-hr exposures: no
toxic signs: autopsy, organs normal

Dixylyl disulphide (solution in mineral oil contained
about 40%; with other sulphides)
[Me,C¢H;. 5},
Saturated [3-5 pg/litre]: 4F rats: 15 x 7-hr exposures:
no toxic signs: autopsy, organs normal

Divinyl disulphide
liq. b.p. 86°C
480 ppm (D): 2M 2F rats: 1 x 4-5-hr exposure: eye

and nose irritation, respiratory difficulty, weight

[CH' M CH'S] s

loss, 1 rat died later: autopsy (histol.) livers con-.

gested with necrosis and fibrosis -

130 ppm (D, acetone): 2M 2F rats: 4 x 5-hr expo-
sures: intense lachrymation, nose irritation, lethargy,
weight loss: autopsy, organs normal

18 ppm (D, acetone): 2M 2F rats: 15 x 6-hr expo~
sures: initial nose and eye irritation, lethargy,
poor condition, retarded weight gain, blood and
urine tests normal: autopsy, organs normal

6 ppm (D, acetonc): 2M 2F rats: 15 x 6-hrexposures
no tonc sigss:. autopsy, organs norma.l T

Sulphur chloride pemanuonde ’
vapour b.p, —20°C

100 ppm-(F)t 2M rats: 1 X 1-he exposures, sovers'

respirtory" difficulty, both died: autopey;. lungs

swollen ‘and dark, (histol) lungs—oedema - snd

‘haemorthage, liver and kidneys—congestion-
- 20 ppmx (F): 2M 2F ratsi. 1 x $-hir exposuré: ves-

piratory difficulty; autopsy (histol. )1W—W“

and congestion, live and kidneys-—congestion - .

5 ppm (F): 4M 4F rats: 3 X 5-hr exposures: mpln-
tory difficulty, weight loss: nutopsy (histol.y Ium-
congestion and oedema

‘1 ppm (F): 4M 4F rats: 20 x 6-hr uposum no
toxic signs: autopsy, organs normal -

BlSDenhﬂuorosulphur oxide 7 BP0

liq. b.p. 29°C - .

1000 ppm (D, cooled): 4F rats: 1 X 2-hr exposure:
respiratory difficulty, narcosis, cyanosis, froth at
nose, all died: autopsy, severe luag oedema

100 ppm (D, cooled): 4F-.#ill: | x @ 5hr exposure:
respiratory difficuity, Syednis, all died:
lutopo(yl.) severe Ithm “ { % 6-h

20 ppm , pet. ¢ er): m r exposure:
no toxic signs during expeure, 2'd3éd later: autopsy
(histol.) marked perjwscular and peribronchiolar
lung oedema, acute bronchitis

10 ppm (D, pet. ether): 4M 4F rats: 20 x 6-hr expo-
sures: lethargy, respiratory dificulty, weight gain
retarded: autopsy (histol,) lung oedemn, liver,
kidneys and spleen coggusted

S ppm (D, pet. ether): 4M 4F rats: 80 x 6-hr expo-
sures; no toxic signs: autopsy, organs normal

CnH.;'SH

Lauryl mercaptan
{dodecanethiol ] )
fig. b.p. 144-148°C (95 mm) . '
Saturated (A): 2M 2F rats: 20 X 6-hr exposures: no
toxic signs: autopsy, organs normni
Vinylsulphur pentnﬂuonde CH. CH SF,
lig. b.p. 41°C
800 ppm (D, cooled): 2M 2F rats; 1 % S-hr exposure:
respiratory difficulty, lethargy, incoordination, 1
died: autopsy (histol.) livers—inflammation and
fatty infiltration, kidneys—-tubules dilated with
degencration
200 ppm (D, cooled): 2M 2F rats: 5 X 6-hr exposures:
respiratory difficulty, lethargy weight loss ™ died:
autopsy (histol.) lungs—congssilon and h‘ﬁhnm-
tion, livers—congestion and fatty infiltration,
kidneys—tubules dilated with some degeneration
50 ppm (D, cooled): 4M 4F rats: 19 x 6-hrexposures
no toxic signs: autopsy, orwu aormal

Z-Chla'oetlwlsulphur pentaﬂnonde Cl CH. CH,'SF,
liq. b.p. 92°C
200 ppm (D): ‘4M_rats: l X 2-hr cxposure. tremors
and convulsions, 1 died: autopsy, organs iormal .
50 ppm (D) 4M 4F rats: 20 x&hrexpomm 00
toxic signs: autopsy. ornns normal -

zcmmomnﬂuoroethyhulphur penuﬂmndc
liq; b.p. 46 5°C

. sure; respiratory difficulty liadips to gasping and
~. . coavulsions, all died during.or suon after gxposure:

nuc (blnol.) vsted and: oeaemous.
ow tyngy cop

obdematoys -+

;mosml o, 'mdl' 2M 2F.cab: 13 0 64E gzpo;_f.;_

< mm notoxb:hnuwtom mamnomw

¥ \»
4-Chloto-ocnﬂuorobutyl su|phu:panuluorlde :
CKCFy), SFI
liq. b.p. 99°C

SMm(D).Mm 1 x s-hruposun no toxig
liuuumpwocpmnomal .

1-cr=.»Cr=.sp._[
_:wOppm(D. eooled) 2M ZFms.l X ¥ expo--

o+

- lwoppm(D.eoded) 2M 2F rats? 1 X 6-hr exgipsuret
respintory difficulty, 3 died after mm cntm‘; :



Saturated (A) [30 ppm"]: 2M 2F rats: 1 x 4-hr
exposurc: nose isritation, 1espiiatory difficulty:
autopsy, lung oedema

1-6 ppmV (D, cthyl acetate): 2M 2F rats: 8 x 6-hr
exposures: nose irritation, respiratory difficulty,
lethargy, weight Toss

0-7 ppm? (D, ethyl acetate): 2M 2F rats: 20 x 6-hr
exposures: lethargy, dnmmhhed weight inctusc,
nose itritation

0-15 ppm® (D, ethyi acctate): 2M 2F rats: 20 x 6-hr
exposures: no toxic signs: autopsy,ornnsnormnl

Organic phosphorus compounds
Tributyl p hite ’ P(OBu),
lig. b.p. 125-127°C (15 mm)

Saturated (A) {2-3 mg/litres, 220 ppm} ZM 2F rmats:
15 x 6-hr exposures: no toxic signs, blood and urine
tests pormal: autopsy, organs normal

1,1,1-Trishydroxymethylpropanc bncycllc phosphltc
solid m.p. 56°C
Saturated (C): 4M 4F CHy-O
rats: 1 x 1-hr exposure:
tremnors, convulsions, all
died during or soon after -
‘exposure: autopsy, liver, CHz O
adrenals and kidneys '
congested, lungs pale with pctechm.l hlemonhame
10 ppm (D, pet. ether): 4M 4F rats: 1 X 4-br expo-
sure: tremofs, convulsnons, all died: autopsy, organs
normal
_ Sppm (D, pet. ether): 4M 4F rats: 2 X 6-hr exposures:
*  rapid breathing, tremors and convulsicas, all died
25 ppm (D, pet. ether): 4M4F§ats 5 x 6-hr expo-
" 'sures: momonsrdday,weiaht loss, ldned
attopsy, organs

ExC ——cuz o—p

lppm(D,pct ether): 4M4Fms-15x6-hrupo- .
. sures: slight” tranient head tremors-on 4th; day, .

murdedwddnzmn,bloognnd‘huﬁnﬁmnmd
RU1opsy, organs normil . N S
05 ppm (D, pet; cther): AM«?»uu 15 X 6&r
eXposures; reduced wamin ufn (l'r* mpsy.

00 Diethy! phosphoroclﬂoddothlouh* (EtO).PS-CI
. lig. bp. 0-90°C(18 mm) '
2104 ppm (0): 4M rats: 2 xmexpuum nose and
eys irritation,” salivation, respiratory difficulty,

Tetnxmthylsn lane

Diphonyldimethoxysilane
ligg.mon-volatile 140°C (2 mm)
Sanzrated (A): 4M 4F 1ats: 20 x G-hr cxposures

Suheontemuocyanm
po&l-lh mp. 26°C, bp. 186°C

wd&m Vm"h"‘ :
N, 5°C [agor. ?Mymm =
U0 mg/m* 4 (D)

b

313 mg/m* ¢ (D, pet. ether, cooled): 15 x 6-hr

autopsy, lungs swollen, gut distended with gas,
(histol.) lung emphysema

20 ppm (D): 4M rats: 14 > 5-hr exposures: severe
nose irritation, respiratory difficulty, weight loss:
autopsy (histol.) lungs—alveolar thickening and
areas of collapse, degeneration of kidney tubular
cortex

S ppm (D, chloroform): 4M rats; 14 x 5-hrexposures:.
slight nose irritation: autopsy (histol) lungs—

slight thickening of alveolar walls
Silicon compounds .
Silicon tetrafluoride SiF,
gas (b.p. —95°C) :

1000 ppm (E): 4Fyats: 1 x 20-min exposure: scvere
nose and eye irritation, respiratory difficulty,
fethargy: autopsy, organs normal

300 ppm (F): 4F rats: 3 x 4-5-hr exposures: nose and
eye irritation, respiratory difficulty, progressive
deterioration of condition, 1 died: autopsy, lungs
distended, (histol.) lung congestion and emphysema,
liver congested, degencration of kidney cortical
tubules .

60 ppm (F): 4F 1ats: 14 x 6-hr exposures: lethaigy,
nose irritation, weight ga'n retarded: autopsy.
organs normal

15 ppm (F) 3M 4F rats: 20 < &hr exposures: no
toxic gigns: autopsy, organs nonm.l

¥

Me.Si
liq. b.p. 26:5°C :
8000 ppm (D. cooled): 4M rats: 1 x 6-hr exposure:

20 toxic signs: autopsy, organs normal
1600 ppm (D, cooled): 4M rats: 15 x 6-hr exposures.
lethllxy autopsy, organs congested

(C.Ha,»\OMe).
‘5«4
A
SI(NCO G

30°C) [1'6 mg/lifre, 200 ppml; 4F mg¢
~6.x S-ht exposures:-¢ye and pose irritation, e~
phtcu Hifficulty, :;wkh' gain; wtopw.JM

&«Mm@)d&l(ﬁm maks:&h
mWotmsnomﬁ

mhl&nl tutopsy, orainsnomnl

Yoy st
i '«er.m

qmwmhtlou sutopsy, ‘organs

1o
lmmz!ln"(D.cooled). 4M AF rats: leO-lQ

exposures: oye and naose firritation, mpmmqm
dificalty, lethargy: autopsy, organs narmal %
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« 1,-Dimethyl-1,2-benzisoxazole
hg. b.p. 70°C (0-5 mm)
Saturated (A) [0-35 mg/

litre, 60 ppm]: no "
toxic signs, blood and

urine tests normal:
autopsy,organs normal

2.Aminomethyl-3,4-dihydropyren

lig. b.p. 74°C

250 ppm (D): 4M 4F rats: l
1 x 5-hr exposure: eye
and nose irritation, res-
piratory difficulty (M more
affected), poor condition:
macrophages in lungs

100 ppm (D): 4M 4F rats: 6 > 6-hr exposures: nose
irritation, lethargy, weight loss, blood and urine
tests normal, 1M ‘died: autopsy (histol.) excess
macrophages in lungs

10 ppm (D, pet. ether): 4M 4F rats: 15 x 6-hr expo-
sures: retarded weight gain, blood and urine tests
normal: autopsy, organs normal

5 ppm (D, pet. ether): 4M 4F 1ats: 15 X 6-hr expo-
sures: no toxic signs. autopsy, organs normal

@-Oﬂc
autopsy, orgamns normal

350 ppm (D) 4M 4F rats: 15 x 6-hr exposures
unresponsive : autopsy, organs normal -

250 ppm (D): 4M 4F rats: 15 x 6-hr exposfires : no
toxic signs: autopsy, organs normal

"CHy'NHp

autopsy (histol.) excess

\

2.Methoxy-3,4-dihydropyran
lig. b.p. 127°C
1000 ppm (D): 2M 2F rats:
15 x 6&-hr exposures leth-
argy, weight loss, blood
and urine tests normal:

4-Hydraxytetrahydropyran
liq. b.p. 196°C .
Saturated (A): 6F rats:
6 x 6-hr exposures: slight
restiessness: autopsy,
organs normal

- -
v o >

3,5-Di lxolme v,
liq. b.p. 143-5°C 4o

750 ppm (D): 4M 4F 1al§;
15 x 6-hr cxposures: nose
irritation, - ~ - respiratory
difficulty, Tethargy, weight
Toss, uring tests. porrbal, blood«-:educed leuqocyh
count with iticreased | mu;phs
snsemis . end: feticulodytosis: lumbcy
hyperplasia ‘of rehwloendothelm otlls - h spleen
and of lymphoid tissue in lungs .-

250 ppm (D): &M 4F rats: 15 x &hr exposures
diminished weigm increase (F) autopsy, organs

normal
50 ppm (D, watu) 4M 4F rats: IS x 61 exposures:
no toxic signs: autopsy, organs normal

spirity |

Peroxy compounds
Ethyl t-butyl peroxyoxalate (30-8% w/w in white
spirit) Et0-CO-CO-0-0-CMe,

Saturated (A) [1 ppmP]: 4F rats: 15 X 6-hr exposures:
no toxic signs: autopsy, organs normal

Cumene a-hydroperoxide (41-5%, w/w in cumene)
{isopropylbenzene hydroperoxide] -

Saturated (A) [50 ppm®}): 2F GMey-O-OH -
rats: 3 X 4-hr exposures: N
incoordination, tremor,
narcosis, 1 died: autopsy
(histol.) lungs congested, S

kidneys congested
31'5 ppm®(D, ethanol): 6F rats: 7 % 3-hr exposures:
salivation, respinatory difficulty, tiemors, hyperacmia
of ears and tail, weight ioss: autopsy (histol.)
lungs—emphysema and thickening of alveolar walls
16 ppm® (D, ethanol): 6F rats: 12 X 4-S-hr exposures:
salivation, nose irritation: autopsy, organs normal

Dipropionyl peroxide (22-7%; w/w in white spirit)
(C,H-CO-0),
Saturated (A): 3M rats: 1 x 1-5-hr exposure; nose
and eye irritation, respiratory difficulty, alt dead
1 hr later: autopsy, lungs haemorrhagic
100 ppm® (D): 2M 2F rats: 2 X S-hr exposures:
nose and eye firritation, respiratory difficulty,
lethargy, weight loss, 1 died 2 days later: autopsy,
organs normal
30 ppm" (D): 2M 2F rats: 4 x S-hr expo!tqs nose -’
irritation: autopsy, organs normai
10 ppm® (D, pet. ether); 4M 4F rats: 19 x 5-hr
exposures: lethargy, retl.rded weight gain: autopsy,
organs normal
7 ppmP (D, pet. ether): 4M 4F rats: 14 X $-hr expo-
sures: no toxic signs: autopsy, organs nounal

t-Bulyl peroxyplvthte (33-3% wiw in whu.e spirit)
Me,C-CO-0-0-CMe,
200.ppm (D) 2M 2F rats: 1 x 5-hr exposure: nose
irritation, respiratory difficuity, lcthnrgy welght loss:
autopsy, organs normal
50 ppm (D): 2M 2F rats: 20 x 6-hr exposures no
toxic signs: lutopay, organs norma! -

i - o~
3 K5 i
‘l

Bis-3 quhylbutyl peroxydlcarboute (20% wlw in whue
(C{H;,0 CO oa).
Snumed (A) i “I ppmbl 2x 6-hr exposures
. foxic signs, apart’ from sffgit nose iiriation nmi-
. ble to white spirit: auropsy, organs normal-
 Mist, 140, mg/ms*® (D, white spirit): 4F rats; ¥ 455

M‘ 1 nose-sud eye .ifritation, respiratein ~
\nigh loss: autopsy (histol)’ ngin
um«:wxp (thlteapldgﬂtﬂ/lhw!x

expofures: tatlon, m
difficulty, lethnxy autopsy (histol.) :

ened alveolar walls, penbronchlolu leucooyﬁc
reaction . N

i

' t—Butyl perlame (50 % w/w in dimethyl phthalm)

CH.COOOCMO{



Fume(H)1 mz/litre 4M 4F rats: 15 X 6-hr exposures:
no toxic signs, (histol.) organs normal

Dicthy lenctriamine NH{CH,,NH(CH,),NH,
[bu -2-aminocthylamine]
q. b.p. 208°C
s.nxrated (A) [0-55 mg/litre, 130 ppm]}: ZM 2F rats:
15 X 6-hr exposures: notoncsism(hakeonmned)

autopsy, organs normal

2-Aminobutan-1-ol CH,-CH, CH(NH,)-CH,OH

liq. b.p. 178°C

Saturated (A) [0-3 mg/litre, 85 ppm]: 2M 2F rats:
15 x 6-hr exposures: increased white cell count,
high blood urea, urine tests normal: autopuy,
organs normal

50 ppm (D): 4M 4F rats: 15 X 6-br upowm no
toxic signs, blood and urine tests normal autopsy,
organs normal

1-Diethylaminopeatan-2-one CH;-(CH.).-CO-CH, NEt,

tiq. b.p. 100° (23 mm)

Saturated (A): 3IM rats: 10 x 6hr exposures: €ye
irritation, salivation, no weight gain: sutopsy
(histol.) slight thickening of alveolar walls

78 ppm (D): TM ratsi 14 x 6-hr exposures: slight
nasal irritation: autopsy (histol.) lln;ln thlckenlnz
of alveolar walls }

Nitriles s
n-Propyl cyanide: o ‘1;-~ R QH.CN
{1cyanopropane]  * - “*

llq,bp ie7°c - - ¥

. Saturated (A) [ca 2% v/v]i-4M rats: 1 X l-ht expo-
© sure: eye ;nd nose hxwm&mpintory dlﬂiallty,
coma, aj!

2000 ppti (D): M 4F utt‘ l~*x4-h- upowre
. respiratory- difficulty, weight Joail lethsirgy, convul-
sions, rectal témp. < 32°C: futopyy, lungs congested

mppm(D) 4M 4F ras: 2%
. Aaw body'

&hrapomu.

-t

congested
© §0.ppm (D): 4M4ercx8-lvupoam
. reapiretosy difficulty; - laham lOW “weight .h
_.autopey, hungs: congested, (histol. m
" kidnay, liver and splees -

< Lo

20 ppm (D, hommol).luﬁm mxm

S mmmngns autspsy, omnsnonm,l b

- reapitatory
mwymmwtm;nmm
shdn llappm‘(l))‘lu“nts ISXGMW ne

exposures: no toxic signs: autopsy, slight Indney
congestion
N-2-Cyanoethylaniline PANH-(CH,)yCN
solid, m.p. 50-51°C

Seturated (C) {007 mg/litre, 12 ppral, 4M 4F rats: 3

o e wrn

18 X 6-hr exposures: no toxic signs: autopsy, ;
organs normal : ‘%
Heterocyelics - é
"

. I
1-Acetyl-p-butyrolactone AcCHyCO-0-CH,CH, '

liq. b.p. ea 125°C (13 mm)
Saturated (A): 3M rats: 10 X 7-hr exposures: no
toxic signs: aytopsy, organs normal

MeéH-O-CHfCH.'a
lig. b.p. 78-81°C

500 ppm (D): 4M 4F rats: 15 x 6-hr exposures:
retarded weight gain in females, blood and urine
tests normal: autopsy, organs normal

250 ppm (D): 4M 4F rats: 18 x 6-hr exposures: no
toxic m autopsy. organs normat

2—Methyi-l.3-dioxolan

N-Formylplpeﬂdme CH,(N-CHO '?
liq. b.p. 220°C

Sammed (A) [0-74 mg/litre, 130 ppm]: 2M 2F rafs: .
12 x 6-hr exposures: no texic signs: nutomy,
Z-Methyllhiuole

ommnonml
. | .
MeC'N-CH'CHl
. lig: b.p. 128°C

100 ppm (D): 4M 4F rats: 15 x 6-lu exposures: cyo
and nose irritation, retarded weight gain, lethaigy,
blood _a.nd urine tests normal lutopsy, orgam

norsoal .

BSm(D.pel.uhc) 4M4Fuu leG—hrexpo-
sures: lethargys sutopsy, organs normal

: 25 ppm (D,pet.-ether): 4M 4F ras: 15 x shrexpo- .
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mmmmmmumu autow
. (uistolLy shight tung inflammagtion

wppn'(D)uMCFnts. 15x6~hrcxpowes 0

toxic signs: autopay, oigans aormal ™

1
v



and collapse and somc oedema and haemorihage
in lungs, kidneys congested
5 ppm (D, pet. ether): 4M 4F rats: 15 X 6-hr expo-
sures: nose. ifritation, lethargy: autopsy, organs
normal
1 ppm (D, pet. ether): 4M 4F rats: 15 > 6-ht expo-
sures: no toxic signs: autopsy, organs normal
Ethy! chiaroformate CI1-CO-OEt
{ethy] chioremethanoate]
lig. b.p. %°C
20 ppm (D, pet. cther): 4M 4F rats: 10 x 6-hr expo-
sures: nmose irritation, respiratory difficulty, poor
condition, weight loss: autopsy, lungs distended,
(histol.) lung haemorrhage
5 ppm (D, pet. ether): 4M 4F rats: 20 x 6-hr expo-
sures: retarded weight increase: autopsy, organs
normal
1 ppm (D, pet. cther): 4M 4F rats: 20 X 6-hr expo-
suies: no toxic signs: autopsy, organs normal
I<apropyl chloroformate C1-CO-OPri
{iscpropyl chloromethanoate]
1q. 103-105°C (decomp.)
200 ppm (D): 4M 4F rats: 1 x 5-hr exposure: 2M
rats: dyspnoea, both died later
50 ppm (D): 4M 4F rats: 11 X 6-hr exposures:
1espiratory difficulty, weight loss, 1 died: autopsy
(histol.) lung hacmorrhage
20 ppm (D, isopropanol): 4M 4F rats: 20 X 6-hr
exposutes: nasal irritation: autopsy, organs normal
S ppm (D, isopropanol): 4M 4F rats: no toxic signs:
autopsy, organs normal

Methy! nitrite

vapour (b.p. —12°C)

250 ppm® (I): 4M 4F rats: 1 X 4-hr exposure: rats
gasping and pale, 7 died B .

110 ppme (I): 4M 4F rats: 13 x 6-hr exposures:
good condition though pale, methacmoglobin 10se
to 30-40% of total Hb by end of cach exposure with
recovery overnight: antopsy, organs normal

84 ppm® (I): 4M 4F rats: 15 x 6-hr exposures: good
condition, methaemoglobin 10%: autopsy, .organs
normal - -

25 ppm® (I): 4M 4F rats: 15 X 6-hr exposures: na
toxic signs: autopsy, organs normal T

CH,-O-NO

35 ppm® (D: IF cat (34 kp): 1 X 6-hr exposare:
behavious normial, methacmoglobin 67 . :
Dimethyl carbonats. * © %"~ '3 MeCO

o

liq. b.p. 942°C.i* 7 *

Saturated (A) {5000 ppm, 20 mg/litre]; 2M 2E.tats:’
. 1 % &-hr exposyre: €ye irritation, salivation, respira--

. tory difficalty, tncooidination, rapid tecavery pftet .
" eXpOSUre: ALOPSY, OrgAng formapd - L
1000 ppm (D) 2M- 2F. rates: 15. % «6-hF axposiures’
noawmunm.mm WO
s-Butylamine ' CHyCH,-CHMo NH,
i=-aminobutane ] . : o
lig. bp 62°C ®

 Saturstod (008 mulitre, 7 ppin): 3F

Saturated (A) [280 mgjlitre, 30% v/v]: 7 M rats:
1 x $-hr exposure: intense cye andd nose irritation
respisatory difficulty, convulsions, all died: autopsy,
cornea opaque and white, (hisrol.) organs normal

233 ppm (D): ™ rats: 13 X 6-5-hr exposures: dis-
comfort, lethargy, retarded wright gain: autopsy,
organs normal

Di-s-butylamine s
[bis-(2-methylpropylamine]
liq. b.p. 135°C
Saturated (A) [0 mg/litre, 1% v/v]l: 4M 4F rats;
19 x 6:3-hr exposures: restlessness, initial tremors,

... (CHyCH,CHMe),NH

incoordination, no weight gain: autopsy, organs
normal : ) >
Tributylamine Buy,N
liq.

120 ppm (D): 4M 4F rats: 19 x 6.hr exposures:
nose irtitation, restlessness, incoordination and
tremors, no weight gain: autcpsy, organs normal

62 ppm (D, pet, ether): 4M 4F rats: 19 x 6-hr expo-
sures: lethargy, no weight gain: autopsy, organs
normal

29 ppm (D, pet. ether): 4M 4F rats; 19 X 6-hr expo-
sures: slight lethargy: autopsy, organs normal

Nonylamine CMe, CHCHMe-(CHy)s* NH,
{1-amino-3,5,5-trimethylhexane]
lig. b.p. 176°C
Saturated (A) [2 mg/litre, 340 ppm]: 3F rats: 1 X 35-
min exposure: nose and eye irritation, sglinﬁ.&
tremors: autopsy, organs normal )
&6 ppm (D): 6F 1ats: 6 X 6-hr exposures: nose and eye
irritation, tremors: autopsy, orgaus normal
16-5 ppm (D, pet. ether): 6F rats: 10 X 6-hr exposures:

< no toxic signs: avtopsy, organs normal

Dinonylamine [CMe;-CH;-CHMe-(CH,y), 1L,NH
[bis<(3,5,-trimethythexyl)amine]
lig. b.p. 172°C (20 mm) )
Saturated ' (A) [0°16 mg/litre, 15 ppm]: 3F rats:
14 % 6-hr expbsures: slight restlessness: gutopsy,
organs normal . S -

Tiinonylamine [CMey CH,-CHMe(CHWWN
[tris-(3,5,54rimethylhexyl)amine] o
- liq. b.p. 216°C (20 mm) - L '

_ exposures: no Ntoxic signs:

o damags
I.aniﬁnlnohem g

L] il
9’

L F 10 mgfitre: 4AM: 4F .rats: 2 X.6-h expo-
.-, yytes; nosb {rritation, respiratafy. difficulty, lethargy,

.- 1M 1F - died:, sutopsy, -lungs congested, . (bistol.

_ -+ .peribronchiolar inflammation, arcas of lisemorthage
- and oedema In lungs. vacuolation of kidney tubules
Fume (H) $ mg/litre: 4M 4F rats: 11 X 6-hr exposures:
nose and lung irritation, littic weight gain, lethargy,

poor candition, 1 died, urins and blood tests normal; -
(histol.)

autopsy, petechial hacmorrhage in lungs,
lung inflammation

C 4

rats: B x 6br
_autopsy, o orq!.nl

L NH(CH)NH

[hexamethylonodiamine] R “;',-
* Iig, b 200°C (supplied as 90% agueous solution)
. Fume (H)/10 mg

‘-



1-Chloronaphthalene (technical) CieH.Cl
liq. b.p. 250-280°C
Saturated (A) [0-25 mg/litre, 37 ppm]): 3F rats:

15 x 6-hr exposures: no signs: autopsy,
organs normal
Esters
Vinyl acetate CH,-CO-O-CH:CH,
liq. b.p. 72°C

Saturated (A): 4M 4F rats: §$ min: rapid anaesthesia,
all died

2000 ppm (D): 4M 4F rats: 15 x 6-hr exposures: eye
and nose irritation, respiratory difficuity, poor
condition, low wcight gain: autopsy (histol.) excess
macrophages in lung:

630 ppm (D): 4M 4F mts 15 X 6-br exposures: low
weight gain (F): autopsy, organs normal

250 ppm (D): 4M 4F rats: 15 X 6-hr exposures: low
weight gain (F), blood and urine tests normal:
autopsy, organs normal

100 ppm (D): 4M 4F rats: 15 x 6-hr exposures: no
ftoxic signs: autopsy, organs normal

c.li.(OH»zCO.Me

Methyl salicylate
{metbyl 2-hydroxybenzoate]
lig. b.p. 223°C
.Saturated (A) {700 mg/m,, 120 pptn] 4F rats: 20 x 7-
hr exposures: no toxic signs: agtopsy. organs
normal -

Methyl lsot.hnoqyumc .. CHg'NCO
liq.

10 ppm (D, pet. ether): 4M 4F rats: 15 % &hr expo-
. sures: lethargy, low weight -gain (F), blood and
-urine tests normal: autopsy, thymus small, (histol.)

. organs normal
. &S ppm (D, pet. cther): 4M 4F tats.,‘ls x 6-hr
. cxpomres no tnxx:stxns autqsy mnsnonml

» L ’*!“ K :'_!, e on -1.‘..
p_lict&yywlmyhtc ] Ce e ,~_, -
thexyl propenoate
" CHy:CH-0O-0 CH.-CHE( lch.l.cn.
j\ ,ﬁqwbm zxs-zwc L BRI

ﬁu ’ﬂww‘ ‘ ...,f“,.:lv

E lkt p; .

L snmgd mfms mig/litre; 60 ppm), WM m nas;
: 6-3ir exposurel: 1o toxic signs, blood and urine
:‘w autopsy (histal.): wd eanuhmy

?_Swm(D ethanol): 4M 4F uts' 13 x s-hrexpo-

4 SUECY} DO LOXIC 2igns: AUtOpsY, qrgans normal

B2 0N

Octyl methacrylate CHy:CMe-CO- OvC.H,, .
[octyl 2-methylpropencate] N
lig. b.p. 112°C (10 mm) K
Saturated (A): 2M 2F rats: 20 « 6-hr exposures: no ,

toxic signs: autopsy, organs rormal

Lauryl methacrylate CH,:Chr{e-CQ-Q-C:i-ﬂm{l
{dodecy! 2-methylpropenoate] B
(comtaing 25%, C,, ester) g

lig. b.p. 170°C (10 mm), 205°C (50 mm) a
Saturated (A): 2M 2F rats: 20 x 6-hr exposures: d
no toxic signs: autopsy, organs normal ‘

Cetostearyl methacrylate . i

[cety] to stearyl 2-methylpropenoate} =
CH,:CMe-CO-OR [R = C,H;; to C..H.,]

solid, m.p. 20°C ;
Saturated (B): 2M 2Fjaats: 15 X 6-hr exposures: no

toxic signs: autopsy, organs normal 3

4
2-Dimethylaminoethyl methacrylate
[2-dimethylaminoethyl 2-methylpropenoate]
CH,:CMe-C0O-O-CH,-CH,-NMg, *
liq. b.p. 187°C

Mist (7) 250 ppm (D): 4M 4F rats: 15 X 6-hr expo- §
sures: nose and eye irritation, rapid breathmz. 4
.weight gain low and irregular, blood and urm
tests normal: autopsy, organs narmal

100 ppm (D): 4M 4F rats: 15 < 6-hr exposures: no .
toxic sizns nutopsy. organs normal

L

T e

>

L lad

2-Hydroxyethy! methacrylate
[2-hydroxyethyl 2-methylproper.oate}

CH,:CMe-CO-O-CH,- CH.OH

o e % S

liq- . -

Saturated (A) [0-5 mg/litre, $0 ppm}: 4M4Frns.
15 x &hr exposures: erratic weighs gain  (F):?
antopsy organs normal -

zHydtwml methacrylate ' ;i

~ [2-hydroxypropyl . z-mthylmopmoaa 0% . 9
'[z-nydrw-x-mbmm

1:CMa-00-0-CH,-CH(OH)-CHy!
2-methy] te 20%} © -
, CHy:CMe-CO-O-CHMe: CH.OH 0
hq bv .79°C (S mm)
.- Saturated.

(AL(M hllnra?cwml 4M4|=ra&a'4

ﬁq&&iﬁ’; %!mwfir JFnla ux ' ¥

wdumumm B

lig, bp. 2C © | *

mm(mpot.wn) 4M4E-ms les-hre.xpo- &
daﬁcuhy

v



no toxic signs: autopsy (histol.) liver—extensive
vacuolation and necrosis

250 ppm (D): 4M 4F rats: 20 X 6-hr exposures: no
toxic signs: autopsy, organs normal

1,1-Dichloroethene CH,:CCl,
{vinylidene chloride]
lig. b.p. 319°C
500 ppm (D): 4m 4F rats: 20 X 6-hr exposures: nose
irritation, retarded weight gain: autopsy (histol.)
liver cell degeneration
200 ppm (D): 4M 4F rats: 20 X 6-hr exposures: slight
nose irritation: autopsy, organs normal

Dichlorobutenes (mixed isomers)
1. CH,:CH-CHCI.CH,CI
2 and 3. ¢cis and trans-CH,CI-CH: CH-CH,Cl
{i. 373% 3.4dichlorobut-l1enc 2. 17% cis-1,4-
dichlorobut-2-ene 3. 45-7% trans-1,4-dichlorobut-2-ene]
lig. b.p. 123-158°C )
18 ppm (D, pet. ether): 4M 4F rats: 8 x 6-hr expo-
sures: initial lachrymation, lethargy, respiratory
difficulty, low rectal temp., progressive weight loss,
blood and urine tests normal: autopsy, emaciated,
lungs haemorrhagic, thymus atrophied, (histol.)
lungs emphysematous with areas of haemorrhage
and oedema
6 ppm (D, pet. ether): 4M 4F rats: 15 X 6-hr expo-
sures: initial weight loss and lethargy, later normal:
autopsy, thymus slight atrophy
2-3 ppm (D, pet. ether): 4M 4F mats: 15 x 6-hr
exposures: no toxic signs: autopsy, organs normal

Hexachlorobutadiene
liq. -
250 ppm (D): 4M 4F rats: 2 X 4-hr exposures: ¢ye

and nose irritation, respiratory difficulty, females
affected more than males, apparent recovery after
exposure: autopsy (histol.) degeneration of middle
renal proximal tubules and of adrenal cortex
100 ppm (D): 4M 4F rats: 12 x 6-hr exposures: eye
and nose irritation, respiratory difficulty, poor
condition, weight loss, slight anacmia in females,
urine tests normal, 2 females died: autopsy, kidneys
pale and enlarged, adrenals enlarged, degeneration
‘of renal cortical tubules with epithelial regeneration
25 ppm (D, pet. ether): 4M 4F rats: 18 X 6-hr expo-
_sures: poor condition, diminished weight gain-in
fertales, respiratory dificulty, blood and utine tests
normal: wutopsy, kidneys pale and enlarged,
* (histol.) damago to renal proximal tubules * " "

10 ppm (D, pet. ether): 4M 4F rats: 13 % 6Hr expo-.

sures: retarded weight gain in femialeg:  autopsy,
organsnormat - - Y LN

S ppm (D; pet. ether)? A AP rats: 15 X Ghr'expo- |

wures: no foxic signs: autépsy, organs hormal: - -

(2-Bromoethoxy)benzens
[2-phenoxyethy] bromide} .
solid, m.p. 30°C, b.p. ca 145°C (50 mm) 5
Saturated (A, 37°C) [0-4 mg/litre, 80 ppm]: IF rats:
13 x 5:5-hr exposures: discomfort, lethargy. initial
weight loss: autopsy, organs ndemal - .

Ci,C:CCICCL:CCly

Phd-CH.-CH.B; -

1,2,4-Trichlorobenzene (up to 20% 1,2,3-trichloroben-

zene) CH,Cl,

liq. b.p. 206-223°C

Saturated (A) [2'5 mg/litre, 200 ppm]: 2M 2F rats:
18 x 6-hr exposures: lethargy, retarded weight
gain: autopsy, organs normsl

70 ppm (D): 2M 2F rats: 15 x G-hr exposures: initial
lachrymation, lethargy, retarded weight gain:
autopsy, organs normal

20 ppm (D, ethanol): 4M 4F rats: 20 X 6-hr expo-
sures: no toxic signs: autopsy, organs normal

Hexafluorobenzene

lig. b.p. 80°C >

1000 ppm (D): 4M 4F rats: 6 x 6-hr exposures: no
weight gain (F): autopsy (histol.) lungs—macro-
phages, spleen—reactive hyperplusia

500 ppm (D): 4M 4F rats: 15 x 6-hr exposures: no
porphyrinuria, blood and urine tests normal,
weight gain retarded (F): autopsy, organs normal

250 ppm (D): 4M 4F rats: 15 x 6-hr exposures: no
toxic signs: autopsy, organz normal

C,F,

Chloropentafluorobenzene
solid, m.p. 18-1°C, b.p. 116°C
1000 ppm (D): 4M 4F rats: 4 x 6-hr exposures:

lethargy, incoordination, no porphyrinutia: autopsy,
organs normal
500 ppm (D): 4M 4F rats: 15 x 6-hr exposures:
unresponsive, no porphyrinuria: autopsy, organs
normal K :
50 ppm (D): 4M 4F rats: 15 x €-hr exposures: no
toxic signs: autopsy, organs notmal

CoFsCl

1,3-Dichlorotetrafiuorobenzene  (contains about 524
1,2-isomer) CJF-1,3-Cl,
lig. b.p. 156°C
Saturated (A) [30 mg/litre, 3000 ppm]: 2M 2F rats:
1 X 30-min exposure: eye irritation, nasal discharge,
respiratory difficulty, light narcosis
1000 ppm (D): 4M 4F rats: 4 x &-hr exposures: light
narcosis with recovery overnight, increased urinary
coproporphyrin (M), porphobilicogen (M and F):
autopsy (histol.) damage to kidney tubules
. 500 ppm (D): 4M 4F rats: 1S x G6-hr exposures:

_ .- light parcosis with recovery overnight: weight gain

" retarded, blood and urine ‘ests normal: autopsy

. (bistol,) slight kidney tubujar lealons - .

100 ppm (D): 4M 4F.rats: 15 < Ghr exposures: no
toxic signs: Autopsy, organs sormal , ot o

1,3,5-Trichlorotriuorobenzene

CFel35Cl %

" solid, 0.9, S000°C - .5 W \
- Satyrated (B) {3:6 mg/litre, 380 ppm]): 2M 2F rats:
I . 2 x G‘hr N . W .

_ eXpONUTes: NOSH:- n, - |
. difficulty,” narcosis, males died, increased -urinary

- proteist: and -porphobilinogen, - high blood urea:
autopsy ' (bistol.) -liver—focal necrosis and centri-
lobular vacuolation with fatty changes, kidney—
tubulst necrosis :

83 ppm (C); 4M 4F rats: 15 x 6-hr exposures: no
toxic signs, blood and urinz tests normal: autopsy,
livers enlarged



initisl lachrymation, Jow weight gain, blood tests
normal: autopsy (histol.) slight lung inflammation
500 ppm (D): 4M 4F rats: 15 x 6-hr exposures: low
weight gain (), blood and urine tests normal:
autopsy, organs normal
250 azm (D): 4M 4F rats: 1S X 6-hr exposures: no
signs, blood and urine tests normal autopsy,
orm normal

Bis-2-methoxyethy] ether

{diethyleneglycol dimethyl ether, diglyme]
MeO-CH,-CH,-O-CH,-CH;-OMe
liq. b.p. 159°C

600 ppm* (D): 4M 4F rats: 15 x 6-hr exposures:
irregular weight gain, blood and urine tests normal:
sutopsy, thymus atrophied, adrenals congested

200 ppm® (D): 4M 4F rats: 15 X 6-hr exposures: 0o
toxic signs, blood and urine tests normal: nutopsy.

organs normal

Bis-2-cthoxyethyl ether - E10-CH,-CH,-0-CH,-CH,-OEt
[diethylene glycol diethyl ether, d:ethyl carbitol] -
fig. b.p. 188°C
Saturated (A) [2-6 mg/litre 400 ppm] 4AM rats:
. 17 x 7-hr exposures: restiessness: autopsy, organs
normal

Bis-2-chloro-1 mcthylethylether
lig. b.p. 187°C
700 ppm (D): ZM 2F rats: 1 x S-hr exposure nose
and eye irritation, respiratory difficulty, 2 died fater:
autopsy (histol.) congestion bf fiver and kiineys
350 ppm (D): 4M 4F rats: 8 x 5-hr exposures:
lethargy, respiratory difficulty, retarded weight
gain: autopsy (histol.) eommon ‘of !i’vet and kid-

. peys
‘70 ppm (D): 4M 4Fnts‘ Nxmm
’htharu welzhlnm

(GCH.'CHMe).O

e
ﬂ‘u

20 ppm (D, etbanol) 4M 4F nw 20'x Gl:rexpcsmes
no toxic signs: autopsy, oruns nomnl

. {butanal)

© 7 fiq. b 78°C

: lMpm(D) 3M 4F rats: uxs-hmm no
“ toxic signs: mmmml ‘

s mtw, organs ;[

Isobutyraldehyds (92%))
{isobutanal]
lig. b.p. 64°C ‘
1000 ppm (D): 4M 4F 1ats: 12 X 6-hr exposures:
slight nose isritation: autopsy, organs normal

Me,CH-CHO

S-Bromopentan-2-0one BrCH.-CH.-CH.-CO-CH.

liq. b.p. 80°C (13 mm)

Saturated (A): 3M rats: 9 x T<hr exposures: cye
irritation, salivation, t marcosis, respiratory
difficulty, slight con ns, rectal temp. <35°C:
autopsy, organs congésted, lungs haemorrhagic,
(histol.) thickening of alveolar walls

Mist (7) 19 ppm [D): 7M rats: 15 x 6-hr exposures:
slight lethargy, no organ damage

e
Acids

Acrylic acid
[propenoic acid]
liq. b.p. 142°C -
Saturated (A) {19 mg/litre, 6000 ppm) 2M 2F rats:
"1 x S-hr exposure: nose and eye irvitation, respirs-
tory difficulty, unresponsive, 1 died: autopsy
(histol.) lung haemorrhage, liver und kidney tubules—-

changes

degenerative

1500 ppm (D) 4M 4F rats: 4 x 6-hr exposures: nasal

discharge, lethargy, weight loss: autopsy (histol.)

kidneys congested

300 ppm (D): 4M 4F rats: 20 X 6-hr exposures: some
nose . irritation, lethargy, retarded weight gain:
autopsy, organs normal -

80 ppm (D): 4M 4F rats: 20 X 6-hr exposures: no

. toxic signs: sutopsy, organs noimal

CH,:CH-COH

MM“ St CH.:CMG'C0|H

VTR

Sltunsul {45 mgftitre, 1300 ppm] 2M 2F rats.
" $*x S-hr exposures: nose and eye irritation, weight
moottmd nrine tests normll autopsy. organs

Mm(D).‘MQFm&: wx&hruposures no
M autopsy, uunsnmml(shnhtmal

s.,,f.,,e,‘

A - ; ,,,,
9 G e e Nl
e N ey o g . .
i 2MU2F mg:_;l’ x 64r “90‘
tlood Amlw: utopay)-
RS i Yas, Thh L
"+ ,_ \* :5_:?. .ﬁl‘ny‘m A R
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o cu.bﬂcxc_u.

(isopropsyl chioride] -
lig. bp. 36:3°C .
1000 ppra (D): CM 4F mats: 20 X G-M exposuus. 1



i 2,4-Trimethylbenzene
nseudocumene]
hg. b.p. 169°C
saturated (A) (10 mg/litre, 2000 ppm]: 4M 4F rats:
12 < 6-hr exposures: nose and eye irritation,
respiratory difficulty, lethargy, tremors, low weigh
increase, blood tests normal: autopsy, organs
normal
1000 ppm (D), 4M 4F rats: 15 % 6-hr exposures:
initial slight eye and nose irritation, blood tests
normal: autopsy, organs normal

1,2,4<(CH/CeH,

pecahydronaphthalene
{decalin]
lig. b.p. 183-196°C
1000 ppm (D): 4M 4F rats: 1 X 4-hr exposure:
tremors, convulsions, 3 deaths: autopsy, lungs
congested
200 ppm (D): 4M 4F rats: 20 x 6-hr exposures: no
toxic signs: autopsy, organs normal

CioHy,y

Aicohols

Iso-octanol (mixture of branched chain alcohols, approx.
C,H,;,0H)

lig. b.p. 185-9°C

Saturated (A) [1 mg/litre, 180 ppm): 3F rats: 13 x 6-hr
exposures: no toxic signs: autopsy, organs normal

2-Isopropoxyethanol Me,CH-O-CH,"CH,OH
lisopropy! glycol ether]

liq. b.p. 140-144°C (90%,)

1000 ppm (D): 4M 4F rats: 15 X 6-hr exposures:
initial nasal irritation, lethargy, haemoglobinuria,
porphyrinuria, Hb low, (4th day) MCHC low,
reticulocytosis, later blood and urine normal:
autopsy, organs appeared normal, (histol.) lungs
congested e

300 ppm (D): 4M 4F rats: 15 x 6-hr exposures:
slight transient fall in Hb and MCHC (3rd day):
autopsy (histol.) lungs congested -

100 ppm (D) 4M 4F rats: 15 x &hr exposures:
no toxic signs: autopsy, organs hormal

2-t-Butoxyethanol : Me.C-O-CH.-CH.-OH
[t-butyl glycol ether}
liq. bp. 152°C ' .-

Saturated (&) {13 mxllme. 2@ ppm) 4M 4F rats:

1 x S-hr - exposure: comatose, “hasmaturis, Hb
35-50% normal; all died 1-2 days later
250 ppor (D): 4M 4F mts: 4 x ‘6-hr ‘exposures:

initial hunmobinurh lnd leuuru,low Hb aad -

" MCHC, weightloss. - - H
100 ppm (D): 4M.4F rats: 15 x S-br expo:utes.

no toxic signs, uritie and blood tests aormal apart

mhmdudauomomm mop:y
solgom o). 4M¢Fms. ISXWM as

Pbm experiment
20 ppm (D): 4M 4F rats: 13 x 6-hr exposures: no
toxic slgm. blood normal: autopsy, organs normal

Tns(pennﬂuaoemyl)methmol . (CGFULCOH
Iperfluorotriethylcarbinol] <
liq. b.p. 108°C

100 ppm (D): 4M 4F rats: | x I-hr exposure: gasping
rgspimtion, nasal discharge, 7 rats died, rapid
rigor

25 ppm (D, pet. ether): 4M 4F rats: 2 X 6-hr expo-
sures: gasping, nasal discharge, 1 died: autopsy,
lungs haemorrhagic

10 ppm (D, pet. ether): 4M 4F rats: 4 x 6-hr expo-
sures: increased water conswmption, rectal temp.
39-5°C, nasal discharge, rapid bteathing, prostrate,
blood tests normal, 2 died: autopsy, lungs haemor-
rhagic .

2'5 ppm (D, pet. ether): 4M F4 rats: 15 x &hr
exposures: increased water consumption, pro-
strate, blood and urine tests normal, weight increase
normal: autopsy, organs normal

1-:0 ppm (D, pet. ether): 4M 4F rats: 15 % 6-hr
exposures: no toxic signs: autopsy, organs normal

1-Chloropropan-2-ol
{propylene chlorohydrin]
liq. b.p. 133°C

1000 ppm (D): 2M 2F rats: 2 x 6-hr exposures:
lethargy after 1st exposure, 3 days later given
2nd exposure, 1 died: autopcy. lungs oedematous
and congested, liver pale, (histcl) lungs interstitial
inflammatory exudate, liver cells swollen and vacuo-
lated with nuclear degeneration

250 ppm* (D): 2M 2F rats: 15 X 6-hr expo-
sures: lethargy, irregular weight gain, blood and
urine tests normal: autopsy (hictol.) lungs congested
with perivascular ocdema :

100 ppm (D) 4M 4F rats: (5 x 6-hr exposung
no toxic signs: autopsy (histol.) lungs oongcsted
with perivascular oedema

30 ppm® (D, eunnol) 4M 4F rats: 14 x 6-hr expo-
sures: no toxic signs: organs gormal |

. MeCH(OH)-CH,Cl

2-Ethyl-2-bydroxymethylpropane-!, 3-diol
[Trishydroxymethylpropanc) C,H,-C(CH,OH),
solid m.p. 58°C, b.p. ca. 150°C (¢-2-0-4 mm)
Saturated (A, 70°C)-[20 pg/litre, 3-S.ppm]: 2M 2F
" rats: 1S x 6-hr exposures o toxic signs autopsy,
ornn: normal :

Ethers o
Dimethoxymethane - )
(methylal} b
lig. b.p. 41’2 C -
4000 ppm (D): 4F ms B X $-hr cxposum no toxic
sims mtopq, organs normal -

Meummnme S Meo»cu CH,
{raothyl viny] ettier] : .
p;.{\ 5:5°C (suppllod in cylmder)

3 4;\( 4F rats: 1S % 6-hr' exposum

‘ mo toxio™uigns; |

‘ gMeO).CH.

Hlood u:d'_u.rlne mqhuqtmb

i ‘aitopsy; argans grmal

hobutoxyethane
{isobutyl viny} ether}
liq. b.p. 83°C
Saturated (A): 2M 2F rats: 1 x §5-min exposuxv
rapid anaesthesis, all died -
1000 ppm (D): 4M 4F rats: iS-x Ghr cxponum

Me.CH-CK.O Cl-l'CH.



after the last exposure day for biochemical tests. The
, animals were left overnight with food and drink. On the
" following day the rats were anaesthetized with halothane
and partially exsanguinated by heart puncture for
" haematological tests. After 3 gross examination of the
organs, the lungs were inflated with formol-saline and
immersed tn the same fixative, The following organs were
also taken for microscopical examination after fixation
in formolcorrosive: lungs, liver, kidneys, spleen, and
adrenals; and lly heart, jejunum, ileum, and
If at any stage effects were observed which could be
attiibuted to the exposure, the experiment was repeated
with progressively lower concentrations until a concen-
tration was which was without effects on the
animals. At intervals of about two months, batches of
cowolnummuined in a chamber for the expo-
suwﬂ,inordcttocheckﬂwdmacﬂhﬁaoﬁhe
colony. L

Results ‘

Presentation of experimental results .
- Where practicable, the chemical name used is that
- by the International Union of Pure
ahd Applied. Chemistry (IUPAC) classification.
This ~is - folowed in brackets by any other name
in common usage. Where the TUPAC name is
Litle used, as with methacrylic acid, the widely
used nafne appears first, followed by the systematic
 pame. Any information on purity I8 included. A
structurs! formula is given. The physical state and
) met;rlung_or boiling points (whece: known) are

. v L e

R

“ have “begn_ used:. nose . irritation,

IR IRY, L e hypstesiitive, blood tats oral:
; “'k " lul' ;ﬁ'.m ﬁ Al I »l,_. I- Ipt?ve ‘...

progressing with increasing severity to a nasal :
discharge and a bloody exudate; eye irritation, eyes '
closed, progressing to lachrymation; respiratory -
difficulty, rapid shallow breathing progressing to -
laboured and slow breathing; lethargy, less than -
normal activity and a lower response to noise; .
hypersensitive or unresponsive, an increased or dimin- ;
ished reaction, respectively, to noise and handling; -
incoordination, unsteady movements, staggering ¢
gait; no foxic signs implies that the animals remained |
in good condition. In most experiments blood «
and urine tests were made at the lower goncen-

trations, and any abnormal results are indicated. -
The urine. teets included specific gravity, pH,

reducing sugars, bilirubin, and protein. The blood
tests included haeméglobin (Hb) concentration,
packed cell volume, mean corpuscular Hb content,
a white and differential cell count, a platelet count,
clotting function, and the concentration of urea
sodium, and potassium. Control tests for the hacma-
tological examination were made on the grour of
animals before exposure. Autopsy—no comment on .
the gross pathology indicates that the organs
appeared normal. Comment after (histol.) indicates
effects seen on microscopical examination of the ':
tissues. Organs normal indicates that these examina-"
tions revealed no changes which could be attributed

to the treatment. :

¥
CH,:CH-CMe:CH, .

. !
mpym(D.eoohd)_:ZMZFnts:6x6-hrexpo-‘
L. Bures: signs: autopsy, lungs slightly

congested, (histol.) argans normal S

3 3670 pom<(Dy coaled): 2M 2F rats: 15 X 6hr expo~“

L. suwest noamdn signs: autcpey, organs normal

ar

I N aF
Jost wmight, . noes . irtitwicn, dyspnoes, letharsic, 4

ﬂﬂ 'u‘n_g‘?m. ‘pgt cther): 4M 4F mats: 15 xﬁ
-w.nmm:m.mn &

o
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“ersuchsserie crhislten jo 2 Werm
» At einem Zwischenyaun voa je 2
nen Versuchsabsehnitten zn der Standa
dich 1o g Dutfer, Olivendi, Schiwe
e*. Leider kounien aus fiu(eren (2
e nicid an den gleichen Ver
JEs e vur jewely 2 Fetie an den gle
] witerouchi. Vor Vessuclisboginn or
Versuchsteilneluacr fir 4 Tuage eine Standsrdkost »oic der
cleicken . Mernge eincs. Misshfetles (Butfer 4 Margarine
Danach wurde susschlieBlich das entsprechende Veran

zwivihen dou etns el

kost L&

pepeben, - Die Oralsiuiebestimmung erlolgte an den beiden

letzicn Tagen des Vorversuches und an 4 Tegen des eigent-
Hehen Versuchs., - - ’

“Axich bei diesen Versuchen kounie ebenfalis keine Beein-
flussung der Oxalsiurefrakiion durch die verschicdenen Tette
Jestgestellt werden. Aufdiz Anfohrung dereinzelven Analyser-

werte kean deshally verzichtet werden. Lbenfalls Lonute

keine Vermindorung der auspeschicdenen Oxalsduremieige
fad > <

“hed erhdhier Fetrzufvhr brobuchtet werden. Die vor. anderen

Untersechern beobachiete | Herabsetzong  der Onulsiure-
ausschieidung bel groBon Fetigaben beruht wohl vorwiegend
anf der dadurch bedingten verminderten Aulnalime anderer

S

Nalenngsstoffe (Gemise, Brot, Fleisch u.a.) bei reichiicier

 Feitzufuir. : . o

Zusammeniasaung: Die Oxalatsiureausscheidung  beim
Meuschen wird durch die Zufehr diacidogener T'etisiuren
baw. ibirer Glyceridz nicht beeinflubl. Dic tiblichen Nabrungs-
fette, die vielfach in eincrn ganz geringen Prozentsate diacido-
gene Feitsiiuron entholten, bewirken ebeunfalls keitie Erbdhung
bzw. Verminderung der Oxalsiiureausscheidung.

Liveratur: AxprkseEN, Hoppe-Seviers Z. 159, 207 (1927). --
L& Savpro, Pathologica (Genava) 6, 231 {1914). -~ Estpeicw u
Euumen-GLaser, Hoppa-Seyloas Z. 265, 183 (1940). — FMMrKCE

u, Nipg, Hoppe-Seylers Z. 266, 174 (1940). — TLASCHENTRAGER,
Hebvet, chim. Acta 18, 092 (1935). -— JLASUHENTRAGER u. DERN-

uaxo, Hoppe-Seylets Z. 238, 221 (1936). — FORERINGER, Disth,
Arch, Rlin, Med. 143, 1876, — Iaxsow, Ereédbrung 6, 273 {1941). —
Hock, Emilrong 6, 278 (1y41). — KiEM@EREZR 1. TRITSCHLEX,
Z. RKlin, Med. 44, 337 (1001). -— Loninr, 7. kita. Med. 35, 271 (18493).
— MacLEsn u. Sackowsky, Hoppe-Seylers 2. 60, zo0 (1000}, -~
Merz w. Mavuceri, Hopoe-Sevlers Z. zor, 331 (roi1). — MORL,
J.of Viol. Chem. 35, 341 (1018). ~— Orxawa, Jap. J. med. Sci,

- Trans 1T Biochen. 4. 77 (193%). — Precrimve u. Lonsarpi, Riforma

med. 43, 726 (1925); 42, 867 (1020). -— RAuRITSCHMICK, Prag. med.
Wschr, 1910, 283. — Saixowsks, Berl, klin, Wschr, 1039, Nr o, —+
Strenousky, Vitchows Arch. 163, 404 (i902). — VIRKABE u. 2,

Hopp_c-S«;-;!cxs “onzg o 2s0 ! 27, 180 (1935); 227, 213 (1934).
— WreniyNowskl, tioppe-Seyieis Z. 83, riz (1913h

prp—
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: .\!.u Groy halten zwar die Atherextrakiion dar Ox

"‘b‘u Ver-uch

S0 KapEniTz, Feliviuren

und, Ozalviiureavsseheidung. s

Jdig den angesiuverten Urin mait Ather extrahieren und spiiter
susSlem Stherextrakt dic Dicarbonsiuren mit organischen
Lnsm.q:nntwln fraktioniert auskristailisieren, geht die Oxal-
siure verloren oder kanp nur in einem ganz geringen Prozent-
salz aus den verbleibenden schmierigen ](uck:.tdnden ocs
Ixtraktionsproduktes cewonnen werden.
¥s erschien uns daher zur Klarung dieser Frage wichitig,

speziell die Oxalsduretraktion des Urins  aufzaarbeiten.
Dieser Untersuchung kot sidcht nur ein theoretischas,

sondern auch ein medizinisch-praktisches Intcresse zu, Wenn
auch die iiblichen Nabrungsfeue keine cder nur wenige
di cm(\gmc Feitsiiuren enthalten, so enthilt z. B. Cotanfeit
und im geringen Matle auch einige Yflanzenfette Fettsiiuren
mit ¢iner C-Atomzahl von 6, 8, 10, 12 und 14, die eine geringe
Diacidnrie bewirken (VEurkapr). So hat neuerdings Hock
uher ein Fett berichiet, das reichlich unmadzahh"" TFett-
sduren von mittlerer C-Atomzahi cm]mu und ddb nach
Haxsox i Stoffwechselversuch Leim Menschen zu einer
Ausscheidung von Dicarhonsiduren im Urin. fiihrt., Wirde
also die Oxalsdureausscheidung im Urin durch die w-Oxydation
dar Fettsiiuren erhoht \\ordcn so wire diz Verwendbarkeit
eines Fottes fur die Erndthrung, das diacidogene Fettsiuren
cnihidll, erheblich eingeschrinkt bzw! wire sie ganz abzu-
Ichnen. : :

"Uler den Oxalsturestoffwechsel licgen schr zahlreiche und
eingebende Untersuchungen vor. Die obere Grenze der tiazlich hn
Urin zur Ausschicidung kommenden Oxalshuremenge iiegt hei
20 g (FORBRINGER). Dhr exogene Oxalsiureanteil entstamint
den Oxalaten der Nahrung oder enisteht im Magen-Darmkanal
durch die Titigkeit der Mikroorganismen (IBact. oxalatigenum,
3act. oxalagencs) aus Kartoffeln, Leguminosen, Cerealien usw.,
(bE SaNwvro, Piccainint und LomBarni), Bei fettreicher Xest
sl wcni(,;r Oxalsaure im Urin- ausgeschieden werden als bei
flzisch- und kohichydratreicher Kost (Kremprrrr, LOTHJE, MinLs,.
FAUBITSCHECK, STRADOMSKY u.a.). Iauchen xommi auch im
Usin endogen entstandene Oxalsaure zur Ausscheidung, die dem
intcrmediarcn Steffwechsel entstammt. Sie soll den Xeib)gebcnmn
Substonzen (Bindegewebe), vor ellem aber dem Glykokoell wed

- Kreatinia, entstammen (FURBRINGER, l\'LLmP}:RsR und Tmrscu-

LER, ILTHJ.. u.a.). . . W

Unvete Versuche wmden in 2 Versuchsserien durchgduhrt
In der ersten Versuchsreibe wurden die ols diacidegen be-
kannten Fetisduren, Gy Cy,, 2ls freie Fettsiuren und in einer
zweiten Untersuchungsveihie die Glycerirester der gleichen
Fettsiuren einzeln auf iiren Einflufl zuf die Oxnlsdurefrak-
tien am Menschen untersucht. In der zweiten Versuchsseric
wurden die iblichen Nahiungs{etie (Butter, Schweineschmralg,
Margarine und Olivend) in groBer Menge am Menschen verab-

(. eicht und die Oxalatsioreausscheidung chenfalls bestimmt,

~"Die qaantltdlne Bestimmung der Oxiistvre erfolate nach der
Ic.lc:}c von MacLian und Savnkowski Die Aui.ubu..m;: ist .

war for Reibenuntersuchungen etwas langwicriz, aber die relitiven

zinleizhswerte stimncn Lei dieser Methode recht g'ut i.Larein.
Aabierdem wird ein giiDuses Usinguantum {o,5 1) auigearbeitet,,
s0 dad Gie Bestimmungsfebier im Vergleich 2u andesen Methoden
wesenuich geringere stad, Nocho WEGR2YSNGwsKI sind auwch die
ehanluten Verte pach dieser Alethode recht genau, Merz uud
isdure fir seho
or daduarch einzus
:nder Siueruus mit
’uuhn.-.a. 2uti
' H irollt
raki Feine v
reieir. [
de der T Hhmu,n crfu.;h durch
2a-Glyeer:
cnvait von 70k als i L CPCTILICLE
b2 werde 1nit Teichlich Wasser v 1 Jwfich et sthwacher
zatlisan ¢ auw--’v' hen, vm 1’:(".: (;ij,u. Fett
1”1‘«'- u"d Yiddcente mistichst mn entferimn.,
peen wurder ja foidenoor
3 ST G
iheer
bt ‘\'mrmr ’

zirgy audy

wolitanren, - Wir versuchten dicsen Vet
faken, dul das Exirakiionsyut 141 FIUS S
RYEN m:. uv- Dis .ml‘ul‘ (h

UL K-

Jeon RITGTRRUNRY

menge Yoy,

“Verindeiung erfihrt, die auBerhalb der indis

Vorversuch: R Jag

‘ . = o

Versuch: J’. o
" 2.
Cog

Versuchsperzon mittels' der Nuodesalsonde o« der Pesy
oder des Glyeerids appliziert. Der Urin vurde o
wnd an den 2 folycnden Tagen gesanmelt und
quantitativ bestimmt, Bel einigen emphndlichen Ve 1hs e
trat kurze Zeit nach der Fetteluregabe Erbrechen oder ureh
auf. Diese Versucke wurden dann an anderen wenigor emyfisa,
lichen Versuchspersonen wicdesholt, Es wurden nur die \q Sucha

-.).,‘

- gewertet, wo sxc‘x keine Mogen-Darmstorongen einsceilten,

Die Resultate der durchygefiihrien Versuche erguben eln.
deutig, daB die Oxzlsinrcfraktion dusch die Zufvhr grir erer
Z\lengcn diacidogener Fettsiivren oder: threr (dyrermu kcine
vidnellen Selwvay.
IN u1g~‘hruu, bzw. Fehlerbreite Kegt, Awns (;ru'\c_."n der Plag,.
ersparnis werden im foigenden nur die V nr\ucl» Srgebnisse oy
“Untersuchungarcihe " mit den- Glyceriden angfihre, _r-},,
Analv\enwo*to der Versuche mit den freisn Fcttsaurcn 9nt:
sprechen sin: ﬁe'naB dle sen Versuc hacm'\hr

Vorversuch: HMit{elwert.
Versuch: Mittelwert .

Vorversucn:

Versuch:
c

Vorversuch: blittelwert. .

‘Versuchi: Mittzlwert | o

Vorversuch: 1. Tag *

- 2.
Versuch: ™ 1.7,
—‘8 co2 'l.l' ;
C 3w

Vorversuck: Miliehvert,
Versuch: Mittelwert L .

Vorversuch:

Versuch;

Vorveisuch: Iliftelwort.
Veisach: Mitichwert . .

e

Vorversuch:

L lag ..

20 g o
- Versuch: - v, -0
Cio- 2, e
B T
sversneh: Midelwere, w00 o L 10,1 '
Versuchs Diittalwert o, o0 L 070 14.0 ;
Vorversuchs 2. 0%8g 0 o0 L0 W ; 9,3 K%
20 e # 12,7 . Ta,te
1 i
Versuch, AN G 7 :
oy N
i LA ' >
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Bib No. S&

J. Pharmacol. 25.59"6“. 1925.

THE NEPHROPATHIC ACTION OF THE DICARBOXYLIC
ACIDS AND THEIR DERIVATIVES

I1I. ACIDS OF SIX TO NINE CARBONS!
WILLIAM C. ROSE, CLARENCE J. WEBER, RALPH C. CORLEY, as»
RICHARD W, JACKSON

From the Laboratory of Phystological Chemistry, University of Illinois, Urbana
Reecived for publication August 8, 1924 ‘

Having shown in previous communications (6) (7), that glu-
taric acid is severely nephropathic when injected subcutaneously
as its sodium salt, and that maloni¢ and succinic acids, under
similar circumstances, are non-toxie, it appeared of interest to
test the effects of some of the higher members of the oxulie acid
series. 1t seemed possible that such studies might throw light
on the mode of oxidation of dicarboxylic acids. If the latter,
like the fatty acids, were burned by p-oxidation, pimelic (C:-)
and azelaic (Cy-) acids should yield glutarie acid as an intermediate
metabolic product, while adipic (Ce-) and suberie (Ce-) acias
should lead to the production of succinic acid. Inasmuch as
glutaric acid is oxidized with difficulty in the organism of the
rabbit, and is distinctly detrimental to the kidneys, its produc-
tion in metabolism would doubtless occasion severe renal injury.
Under such circumstances, higher dicarboxylic acids containing
odd numbers of carbons should manifest more pronounced nephro-
pathic effects than those containing even numbers of carbous.
With these considerations in mind, experiments were carried out
with adipic, pimelic, suberic, and azelaic acids. The results of
blood analyses and of the Geraghty-Rowntree (3) renal-function
tests were taken as criterin of nephropathicity. Fasting rab-
bits were used as the experimental animals, and the methods of

1 Aided by a grant from the Research IFund of the American Associution lor the
Advancement of Scicnec,

[l




ATTACHMENT C

Company Code : ' :
. .~ BDIPIC ACID - [oJolola]

7- SAFETY INFORMATION

7b- Unpublished Studies
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Table No. 3 - (continucd). Summary of autonsy findings for
male and fo.ule albino rats which had roceived
- for anproximately 90 days the basic laboratery
diet, and tho basic diet to which wes added C.17%,
-1e04, or 540% adipic acid.

RAT )
NU.BER AUTOPSY FPLIDINGS

MALES = 5.0% ADIPIC ACID (continued)
768 Died after 41 days
' Gastrointestinal tract: distention
Peritoneum: irritated and hemorrhagic
Bloody nasal discharge

769- , Liver: parasytic

772 Liver: parasytic

773. Liver: parasytic
EVALES - 1,05 ADIPIC ACID ‘
755 Adrenals: appeared enlarged
760 Liver: parasytic

763 " Liver: parasytic

764 " Liver: parasytic




1]

Tabloe Noe 3 = Sunmary of autopsy findings for male and female
albino rots which had received for aprroximatoly
90 days tho basic laboratory diet, and the basic
diet to vhich was eddod 0.1, 1.0;:, or 5407

adipic acid, -

RAT
NN BER

O

YVALES - CONTROL
715

717

723

Liver:

AUTOPSY FIMDINGS

parasytic

Liver: parasytic

Diod after 31 deys

Lungs:

consolidated .

Intestines: irriteted and distended

LALES = 0,1% ADIPIC ACID

parasytic

parasytic N

one atrophied
parasytic
parasytiec

parasytic
enlarged (weight, 2.0 granms)

Abdoninal wall: herd, tumorous mass adherad

735 Livers
742 Liver:
FALES = 1,074 ADIPIC ACID

745 Testes:
748 -Liver:
749 - Livers
760 Liver:
' Spleen:
753

Died aftor 34 days

Pleure)
Stomach,
Scrotal
Liver:
Kidneys:

cavity: bloody fluid

large and srall intestines:
sact Bloody fluid
pale

soft and mushy

marked distention

Testes: pinkish-colored, veins did no%t show

YAL®S - 5,075 ADIPIC ACID

766

767

Thyroid:

Thyroid:

appeared sznll

apvearad small



COLPOUID

YALES
Control
0.1%
‘Adipic Acid
1.0%
Adipic Acid
5.0% .
Adipic Acid

FELALES
Control -
1.0%
Adipic Acid

VALES
Control
0.1%
Adipic Aciad
. 1.03
Adipic Acid
500%
Adipic Aoid

FEALES
Controls
1.0%
Adiplc Acid

for nalo and fesale slsine rats rece"i“= fke
.bacic lavoratory diei, and the btasic dlet to
which was added 0.1, 140,35, or £¢0,: adipic acid.

NULBER AVEEAGE
OF FATS BODY V\/SIGHT RAT DAYS

Start Finish Start Finish Thoorotical Actual % of

. gEme gme Survival
10. 9 84 346 910 850 93
10 10 . 76 325 930 930 100
10 9 81 313 920 862 94
10 9 84 231 910 860 95.
10 10 7% 194 920 920 100
10 0 69 189 920 920 100

~ TOTAL FOOD AND S s
ADIPIC ACID | ADIPIC

CONSIIED ~ FOOD CO..S'2ED ACID ODNSTFED
=1 _ Total 4av/Ret/Day  “Total Av/Zat/lay
| ene gme =0 ERe

15057 18.64#

18618 18599,38 ° 20400 18,62  0.02
16396 16232.04  18.83 163.96  0.19
18066 17162.70 19.96 903,30  1.05 |

14281 16,68+
16189 16027.11  17.42 161.89  0.18

¢ Based on 80§ actnal rat days since a portion of the food consuaption for
the final weok was not deteruined.

¢+ Based on 856 actusl rat days since a portion of the food conxunption for
the final week was not determnined,



Tablo lNoe 1 = Svwary of average wookly body weirhts end food
consunption, in grans, of mele and female aloino
rats recoiving the basic labor atory diot, and- the
basic diet to which was addad 0.1%, 1. Oo or 5.0/
adipic acide. -

AVERAGE BODY WEIGETS

: VALES FE~ALES
Yook 0elSs 1.0 5.0% 1.0%
Yuobor . Control Adivic Acid Adiple Acld Adipic Acid Control Adipic Acid
0 84 76 81 84 76 69
1 116 105 108 98 99 93
2 146 133 137 112 115 113
3 177 161 166 132 128 126
4 197 187 193 147 141 139
b 231 212 214 163 162 148
6 259 238 240 176 163 161
7 273 252 256 189 168 165
8 220 269 276 206 175 173
9 307 285 292 214 -+ 183 179
10 322 297 306 221 186 183
1l 326 301 298 223 186 182
12 337 315 306 232 194 190
13 346 325 313 231 194 189
AVERAGE FOOD CONSULEPT ION
l 105 103 98 107 95 130
2 115 120 113 - 142 113 134
S 122 130 117 139 139 123
4 ‘118 135 132 144 130 129
5 133 145 146 161 133 149
6 138 1580 149 163 122 130
7 140 150 147 148 130 117
8 141 142 152 160 109 114
9 144 147 149 151 111 116
10 143 151 153 169 11 118
11 135 144 122 151 99 105
12 140 154 131 148 - 112 122
13

146 192 . 163 156 122 133



‘mlght influenco food digestion and absorption. Histopathological examina-
tion of the various tissuss mey shed additional light upon this guestion.

i
i

Experiméntalx



The results of these experinments aro.aummnrized in the attached
~ tablese Table Noe 1 prosonts the weexly everage body weight and food con-
sumption for the various groups. The body woights ere pfécentod grnphicglly
1n'Figure No. 1. 7ablo Noe 2 swmarizos the survival, body weight, toial
food ard edipie coid consunzde Tablo Noe 3 1ists the grossly observable
autopsy findings. | |

From thesc date it is appnrent';hat Del3 end l.Oﬁ ievels of adipic
acid edded to the qiot of either male or fenalo rats does not exort & signifi-
cant influonco on eithor the survival or the body woight. On the other hargd,
the male rats rocoiving 5.07 of adipic acid in the diet exhibited a maried
retardation of growth durin; the entire intervale Since this is not associated
with en alterstion of food inteke and there vas né‘markod gross rathology at
sacrifico, it is assumed thet the growth retardation is associated with food
utilization. ) ‘ | o |

The design of thﬁsc experiﬁants doos‘not provide & clus to the exact .
mechanisn rosponsiblo for_growth retardation at the 5.0% lével. Since, however,v 
fhe eninals raintained a continuous weighfvincrease over the 90-day veriod,
presented a healthy, thrifty appdar;nce, ate an average a.ount of food and i
showod no gross loéions, it does not eppear that the rmechanism is one of direct
or specific toxicity. }Tho acute toxicity exverimants 1qdicated that large
doses of adipioc acid solution were acutoly irritating to ‘he gastrointestinal
tract. Since irritation was not grossly apparent at the conclusion of the
foeding exreriments alfhough the average daily consuxption per rat vas aporoxi-

mately 1.0 gran, it is entircly possible'that-tha low p¥ and hizh acid conzunztion
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ADIPIC ACID : ~ [oJoJo}3]
7~ SAFETY INFORMATION o
PO ELiThe T Sepils Date:  xarcn 14, 198

Material:  Adipic Acid ) Lot No:

Subject:  Subacuts Feodirng

A report dated January 2, 1950 presented date on acute toxicity
of adipic acid by verious routes of administration, with certain compereable
data for citric and tartaric acids. The following revort sumrerizes the
dete from 90-day subacute foeding tests on adipic acid added %o the dies
of male end ferale albino ratse 4 group of 10 animals received one of the
folloviing diets:

kales .
Control
0.17% Adipic Acid
1.0% Adipic Acid
- Be07% Adipic Acid

. Femeles

Control
~ 1.07 Adipic Acid

The basic diet consisted of spgcially ground Xen-L dog meal, The
enirals were individually housed and grovidod with water at ail times., A%
vooxly intervals each animal was woeighed and the amount of féoi conswied was
determined. At the end of the subacute feoding period the anitals wers sac-
rificed by chloroform inhalation and zross autopsies were perfcrmed. Hepre-

sontative tissues were preserved for aistopatholoyical exauination.
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There wes o significently greater laclidence of weight loss in
the animals treated with sodium adipate then in those treated
with sodium ecetete, both during the weelilly pericd of treat- '
ment and during the week end of rest. The edipate group thus
more Lrequently lost veight during the treatment period and

showed a lower cbility to recover during the week end of rest.

e8 -

6.29.43



The Toxiclty of Adipic‘chd

Preliminary tests of the toxiclity of adipic acid
vere planned to find, if possible, a lethal dosege of the
material by mouth. VWhite rats and guinea pigs were used.
‘The experiments conducted are summarized briefly in Table 1.

CompariSon of Growth Rete of Animels in Experiment 3.

Since adipic acid is not very soluble in water, end
sodium adipate is soluble, control cnimals in experiment 3
wvere given a dosege of sodium acetate in equimolecular pro-
portions to the dosuge of sodium adipate given the test animals,
as control of the possible action of the sodium lon.

During each week of study, the animals wvere fed
adipate or aceteate on five days (Monday through Friday), but
no trestment was given on Saturdey or Sundey. The rats were
welghed on Monday morning and Friday afternoon, and from
records of these welghings the cverage daily weight change
for each rat was calculated for each veekly period of trestment,
and each week end of no trestment. Date from the control group
glven sodium acetete vwes used to calculate control mean and
standard deviation of daily welght changes during the treatment
and non-trestment periods. A weight increase less than the
mean minus twice the standard deviatlon was considered abnormal.
(Abnorrial weight changes vere actually all weight losses.) The
number of such abnormal weight losses was then counted for the
sodium adipate group and compared with the number expected by
chance alone. In a very large number of observations weight
changes equal to or less Than the mean minus twlce the stan-
dard deviation should not occur by chance alone in more than
2,5% of observations. In actuval experiments, of course, a
statistically large number of observations 1s not attainable,
but for the actual experimentel grouns the expected chance
occurrence of such abnormal welght losses is calculated.) The
value -

Observed No. Abnormal Wt. Changes
Wo . Abn. WE. Changes Lxpected by Cnance

if greater than 1, indicates a significent differcnce betwecn
the two groups. This value calculated for the sodium adipate
group of rats for the period of study, Jenuary 25 to March 1%5;
on the basis of weight changes in the sodiun ncetate treated
rats was

Monday to Friday (treatment period) 1.95

Seturday and Sunday (rest period) 1.61



The Toxicity .of Adipic Acid

Summary

Adipic acld, given by mouth as powder, &s an
alcoholic solution, or in the form of sodium adipate, over
a relatively short period of time, produced no pcthology in
rats or guinece pigs. However, doses between 635 end 1332 mg.
kilo given to immature raots on 44 occasions over 9 weeks pro-
duced significantly greater weight losses in these rats than in
control rats fed equimolecular doses of sodium ccetate.

If adipic acid and its salts are to be used as com-
ponents of any form of food, more extensive study must b2 made
to determine its actucl physiological action and the reason
for the failure of trected rats to gain wveight.
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of adipic acid, which so far is not regarded as an intermediary
produet of physiological metabolism.

The administration of adipic acid is always followed by the in-
crease of oxalic acid in the urine, whereas this increese is not
detected in the experiment with muconic acid.

The investigations concerning the decomposition of adipic aeid
in the surviving liver are not vet completed. The results will be
published later.
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over muconic acid. But my results to the contrary make Jafié's
assumption untenable. We are obliged to assume that the benzene
. is converted to hut a slight extent if at all to muconic =a¢id in
the animal body.

TABLE IX.
Muconic Acid.

Date. Rabbit. “l‘\";ﬁ Acid in urine. Remarks.
om, -;l per cent T
Mar. 9-10 A 0.8 {0.5004] 73.08] Injected at one time.
Apr.30-May1| B | 0.8 [0.5810) 73.00{ “ “« «
May 9-10 o 0.8 0.5928 74.10 ¢ “ four times.
“ 1112 0.8 [0.5716] 71.45 “ “wou “
“ 15-16 “ 72.91} Average.
0.8 |0.349%0 43.63t Introduced in stomach.

TABLE X.
Adipic Acid.
Date. Rabbit. .‘?“1‘3‘ Acid in urine. Remarks.
om. gm. |per cent
June 11-12 D 2.0 |1.1035] 55.18| Injecied at one time.

“ 2122 “ 2.0 {0:9746; 48.73] ¢ “ o owou

“ o 29-30 “ 2.0 {1.0908] 54.84 ¢ ooaow
July 6-7 #* 0.8 10.4368! 54.680[ “ four times.

“  9-10 “ 0.8 0.17uS! 59.86] “ one time.

“ o 12-13 E 2.0 [1.1868] 9.34 " o«

“ 20-21 “ 0.8 10.5104] G3.80[ “ four times,
Feb. 13-14 A 0.8 10.5826] 72.83} “ one time.
Mar. 2520 F 0.8 i0.5624; 70.30 “ “wouo o«
May 16-17 B 0.8 |0.589%0; 73.63 “ o
AVerage........cooviiviiinnnnnan.. 61.31

The physiological relations of muconic acid or any of its deriva-
tives, especially their relation to aromatic amino-acids might be
decided through further investigations. In this puper I wish®
only to call attention to the fact that the decomposition of muconic
acid itself in the animal organism occurs no more readily than that
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TABLE VIL
Rabbit F, Weight about 2,830 Gm.

349

=z | ® h-28 ,
e |24 a2 ug o3|

. © Q¢ U] - ion.

ate. éa .5.-2 -9;-5 g EE |  Reaction Remarks.

BRI
gm.| om gm ec. ‘

Mar. 24 0.0053|182{1.018 Slightly

i acid.

“ 25108 Adipic acid injecved
subcutaneously at
once in the form of

. its sadium salt.

“« 26 0.5624:0.00684 165ll.025‘ Neutral.

“« 27 0.0058/170,1.018!  Slightly

- | acid.

“« 28 10.0055 1521.020i " “
, TABLE VIIL
Rabbit B, Weight ahout 2,760 Gm.
2 - -
§ | §¢g | 9§ 3 _
Date. gg ;_5 ek g ngi Reaction, Reoarks.
RN R-] o . )
B
m om. om. oc, »
May 15 0.007227011.013  Slightly
' alkaline. .

“ 1610.8 Adipic acid injected
subcutaneously at
onee in the form of
its sodiurn salt.

“ o7 0.58‘.)00.0077{2531.015; ‘“ “

“ 18 0.0055,255 1.014: * “

“19 0.0067(2551.014 “ “

tered acid appeared again in the urine.  For the sake of clearness,
these results are collected in Tables IX and X.
Finding that muconic acid administered to a rubbit was almost
scompletely oxidized in the body o rthat only 1 per cent of it ap-
peared unchanged in the urine, Jaffé assumed that, if benzene 18
injected into a rabbit, 25 to 30 per cent of it may be decompoased
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348
TABLE V,
Rabbdit E, Weighl about 8,450 Gm.
2 2. 2.
‘AEHET 5 :
Date. 3?, '.53 '—EE F %E 3e.cﬁon. Remarka.
Sl I A A
gm.| em. gm. —cc_
June 11 0.00401198!1.012; Slightly
alkaline.

“ 12 (2.0 Adipic acid irjecied
subcutaneously at
once in the form of

| its sodium salt.

“ 13 1.18680.0144{122]11.028; “

“ 14 0.0047(17511.014] « “

“ 15 0.0045(175/1.014] “

“ 20 10.8 Adipic acid injected
subcutaneously at
four times as before.

“ N 0.5104/0.0072(247(1.021] ¢ “

“ 22 0.0033/180,1.012; - “ “

“ 23 0.00351 16811.013 " “

TABLE VI,
" Rabbit A, Weight about 8,450 Gm.
T |3 = I i

. a.( &% ag 2

Date. |28 gg o5 | ¢ | €% Reection. - Remarks.

£a) 8= | 3= | £ BE ' '
< < g & o
m.| gm. m. cec.
Feb. 11 0.0048{167/1.020}- Slightly
acid.

“ 12 0.0058182/1.016] Neutral.

“ 13]|0.8 Adipic acid injected
subcutaneously at
once in the forin of
its sodium salt.

“ 14 0.5820/0.0056/1821.018) Slightly

acid.
“ 15 0.0048,100/1.015 Neutral.
' 1.014] Slightly

0. 00421 184

|

acid.




TABLE 1V.

Rabbit DD, Weight about 3,700 Gm.

June 10

[

[ {4

[
&

(1]

11

I Adipie acid
given,

LY
3

i
=)

2.0

2.0

0.8

0.8

Adipie aeid
in urine.

<
3

1.1035

0.9746

1.0968

0.4368

0. 4789

0.0189
0.0042

0.0051

0.0084

0.0077
0.0046

127)1.025] Slightly
acid.
21311.013| Slightly

871007 « “

325!1.015, Slightly
acid.

1351.020  Slightly

| alkaline.

1371018 ¢«

1B3Lowy ¢

alkaline.

iy 3 -
25 | 4| €5 Reaction. Remarks.
E.E '_.E. EE
- 7] .
om. | el .
0.0048!180!1.012] Slightly
alkaline.

Adipic acid injected
subcutaneously at
once in the form of its
sodium salt.

0.01301146:1.025  * “
0. 0060 198]1 012 ¢ «“
0.00421180,1.011] “« _
Same as for June 11.
0.01900,125(1.025{ Slightly
acid.

0.0042215/1.013] Slightly

‘ alkaline.
0.0064{192{1.013; * “

Samec as for June 11.

Adipic acid was dis-
solved in 20 ¢c., ncu-
tralized by sodium
carbonate, divided in-
to four portions, each
portion injected si-
multancously at in-
tervals of 3 nrs.

The urine was collected
during 36 hrs. after
the first injection,
and adipic acid in it
was estimated.

Adipie acid injected
subcutaneously  at
once in the ferm of
its sodiura salt.

347
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All specimens of adipic acid obtained from the urine were com-
bined, recrystallized, and identified by analysis.

0.2058 gm.' substance (dricd at 105-110°C.) gave 0.3712 gm. CO; and

0.1305 gip. H,0.
Caleulated

for CeH 10042 Found:
per cont per cant
o J TP RN 49.29 49.19
) & U 6.90 7.9
TABLE IIL
Rabbit C, Weight about 8,400 Gm.
3 3
3 Muoonic S
Date. 2@ . acid 2 Repction. Remarks.
§a _-m urine, .g a 3‘
2 518
om. gm. ce.
May11 0.8
Ce12 0.5716 |[114i1.022{ Slightly
alkaline.
¢ 13,12 hrs. Trace. {184[1.015 “
later.
“ 14, 24 hrs. Not [|125{1.018] «  «
later. present.
“ 15 0.8{ 0.340 “ “ Mueconie acid ia form
of its sodium salt
was dissolved in 20
cc. of watar and
given by stomach
. tube.
“ 16 Not  [230{1.015] * “
present.
LS V4 157(1.015 “ “«

In cvery experiment with muconic or adipic acid I have esti-
mated the oxalic acid in the feces of the 24 hours before and after
the injection of one acid or the other, but found no difference in
any two specimens (data omitted).

As the tables show, my conclusions, contrary to those of Jaffé,
indicate that muconic acid was for the greater part eliminated
unchanged in the urine. The result obtained with adipic acid
was similar to that of Kotake, and the greater part of the adminis-
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TABLE I1.
Rabbit B, Weight abow! 2,760 Gm.

Date. Reaction. Reinarh.

Muconic acid
Muconie acid
in urine

Ozxalic ncid
in urino.

mven.
8pecific
gravity

]
i

a l Urine.

m.

<
-
3
-
3

Muconicacidiniected
subcutaneously at
once in the form of
the sodium salt.

=
)

Apr. 30

May 1 0.5840:0.0069 210:1.020;  Slightly
acid.

“« o2 0.0067205/1.014] Slightly
alkaline. .

“ 7-8 0.0143,345(1.016f *« * Oxalic arid ertimated
in urinc collccted
' during 36 hrs.

“ 9 0.8 Muconie acid  dia-
solved in 20 cc. of
water, aeutralized
by sodium carbon-
ate, . divided into
four vortions, and
each portion in-
jected subcutance-
ously at intervals of
b 3 hrs.

810 0.5928/0.0146:145'1.025] Slightly | Urine of the 24 hrs.
acid. after the first injec-
Trace. 132{1.015] Neutral. tion and urine of
the following 12
hrs. separately col-
lected; muconic
acid was estimated
. in each specimen,
Oxulic acid esti-
mated at one time
in all (he urine of
the 36 nrs. :

“ 0 10-11 0.0148,240;1.015] Slightly
! alkaline.
1151.020] “ “

|
t
i
1
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The mother liquor, which reacted alkaline on account of the
presence of ammonia, was evaporated on the water bath to about
50 cc., and after cooling strongly acidified by means of hydrochloric
acid, and was extracted fifteen times with ether. The cthor was
distilled to about 50 ce. and then decanted into a bLeakcr and
allowed to stand in the air. Muconic or adipic acid, eliminated
unchanged in the urine, crystallized out. This was carefully
purified and weighed,

All results obtained are summed up in Tables I to VIIL.

TABLE 1.
Rabbit A, Weight aboul 8,450 Gm.
T 7 g
Tl 3. | =
E o | s 5
Date. S g EE | o Eigl€ £ | Reaction. Remarks.
£2 82| ®: |£| &8
= = O~ B |w%
om om. om ce.

g
<
[}
S
2

218/1.013] Slightly

alkaline.

o 4 0.0088(195(1.015] “

“ 510.8 Muconic acid injected
subcutancously in the
form of the sodium

. salt.

“ 6 10.0085{218/1.015 Slightly :

acid.

“ 2410.8 ’ Same as for Nov. 5.

“ 25 0.0087/194{1.019; “

Mar. 91(0.8 Same as for Nov. 5.

“ 10 0.5904/0.0040/1531.024] Neutral.

All specimens of muconic acid obtained from the urine crystal-
lized out in prisms of a brownish color. They were dissolved
together in water with sodimin carbonate, decolorized with unimal
charcoul, and then thoroughly acidified with sulfuric acid whtre-
upon muconic acid separated out. It was filtered off, 1ecrystal-
lized from alcohol (80 per cent), and identified by analysis.

0.2351 gm. substance (dried at 100°C. in vacuum) gave 0.4356 gm. CO,
and 0.0935 gm. H,0.

Caleulnted
for Cs He O4: Found:
per cent per cent
G 50.70 £0.53

H..... P 1.22 4.45
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adipic—in the animal body should be simultancously and exa ctly
repeated, so that both results may be accurately cowmpared.
Following this suggestion of otake’s, I undertook to repeat the
experiments of Jaffé and of Kotake. '

EXPERIMENTAL.

Muconic and adipic acids used in the experiments were syntheti-
cally prepared in the following ways.

Mucic acid obtained by the action upon milk sugar was, at first, con-
verted into dichloromuconic acid by means of phosphorus pentachloride,
according to the description of Bode, and then into hydromuconic acid.
Finally, the latter acid was changed into muconic acid over dibromo- .
mueonic acid according to Limpricht and Marquardt.

Adipic acid was prepared according to Markownikoff by the action
of nitric acid upon cyclohexane which was obtained through the reduc-
tion of benzene aceording to Sabaticr and Senderens.

The experiments were carried out on rabbits fed with okara
(a residue obtained from bean curds). The animals were sub-
cutaneously injected with muconic and adipic acids, previously
neutralized by means of sodium carbonate. Each specimen of
the urine collected during the following 24 hours was examined.

It may be probable that adipic acid is eventually oxidized into
oxalic acid, this oxidation taking place according to the 3-oxidation
of Knoop. :

COOH — CH, — CH,; — CH, — CH, — COOH

(COOH - CII. - CH, — COOH)
COOH - COOH

Recently Hensel and Riecsser found that the surviving liver
forms acetone bodies from muconic acid.
Censequently in my experiments with these acids I intended,
“on the one hand, to estimate the rate of their vitul cleavage and
on the other, to investigate the increase of oxalic acid in the urine,
and further to examine the formation of acetone bodies from
adipic acid in the surviving liver. The quantitative determina-
tion was carricd out by the process of Autenvieth and Barth, the
acid being isolated in the form of caleium salt and then ennverted
into calcium oxide.
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Previously in the laboratory of Jafié, Kotake carried out =
fecding cxperiment with tyrosine. The urine of a rabbit was
examined for muconic acid or any of its derivatives, with negative
result. Later Kotake, working on investigations of the fate of
bivalent fatty acids in the animal body, found that adipic acid
was with difficulty subjected to anima) combustion and that a
greater part of the acid administered was eliminated unchanged
in the urine.

In chemical constitution muconic acid differs from adipic acid
only in that the former posscsses two double linkages, while the
latter is a saturated c\ompound having the following formulas.

COOH -~ CH= CH — CH = ClI — COOH
(muconic acid)
COOH - CH; — CH; — CH, ~ CH, - COOH
(adipic acid) .

It is well known that ‘there is considerable difference between
saturaied and unsaturated compounds in their behavior towards
many chemiceal reagents.  But so far this difference has not been
verified in animal oxidation in which the combustibility of sub-
stances is chicfly decided by other physiological relations. Con-
sequently the casy combustibility of muconie acid in the animal
body contrary to the behavior of adipic acid, appears to ndicate
an important physiological meaning. It is therefore desirable
that the investigations as to the fate of both acids—muronic and
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Some aromatic substances readily undergo combustion in the

animal organism with the splitting of the benzene ring. It is
well known that aromatic amino-acids derived from protein
-hydrolysis, tyrosine and phenylalanine, are completely oxidized
in the body. Most investigators believe that these amino-
acids are decomposed over homogentisic acid. In fact the laiter
is easily burned in the animal body and capable of yielding ace-
tone bodics in the perfusion experiment with a surviving liver.
However, the manner in which homogentisic acid is converted into
acctone bodies is unknown.

Jaffé discovered an unsaturated acid, namely, muconie acid, in
the urine of dogs nnd rabbits to which benzene had been given,
and by that fact demonstrated for the first time the demolition of
the benzene nucleus.

At that time Jaff¢ found that his acid was readily combustible
in the animal body, so that when injected into a rabbit to the
smount of 2 gm., only 1 per cent was climinated unchanged in the
urine. According to the result of Jaffé’s experiment, muconic
acid or any of its derivatives might be regarded as intermediary
products during the process of the vital cleavage of tyrosine and
phenylalanine. Fromherz and Hermanns believe that thesc

_ last two acids decompose through a dual path as follows:

341
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400 m erzeben sivh geringe histologische Verinderungen an Leber unq
Niere und sehwerere an der Darmschleimbaut. Storungen des Wachstiig
wder sonstige iiuBerlich erkeunbare Symptome werden bei dieser 1),
sierung nicht gefunden. Tagesdosen von 800 mg bewirken Durchfalle,
Veriinderungen des Haarkleides und des Verhaltens der Tiere soovig
sigmifikante Verzigerungen des Wachstums. Abgesehen von den Bef ;.
den am Darm sind die histologisch nachweisbaren Organveranderun ren
gering.

Bei ociner eiweiBarmen Diat mit 117, Protein wirken schon 400 .y
Adipinsiiure tiglich wachstumshemmend.

Trotz einer betriichtlichen taglichen Ausscheidung von Adipinsi -5
im Harn weist dic Niere keine schweren anatomischen Verianderun -,
auf.

Der Umfang der Ausscheidung von Adipinsiure ist bei an Adipinsi o
gewohnten und ungewdhnten Ratten gleich. Der Organismus erla ¢
nicht die Fihigkeit, vermehrte Mengen der Substanz umzusetzen.

Die durch die Verfiitterung griBerer Adipinsiuredosen bedingicy
Schiiden betreffen in erster Linie die Darmschleimhaut.
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Ratten beziglich der Ausscheidung der Substanz im Harn. Der Organis-
mus gewinng offensichtlich durch eine lingere Verabreichung der Sab.
stanz nicht die Fithigkeit, die Substanz besser im Stoffwechsel winzaset -
gen, ctwa durch eine adaptive Enzymbildung bedingt. Weiterhin st zu
erschen, dafl die Hihe der Ausscheidung - - jedenfalis in dem untersuch- -
ten Bereiche — - mmbhiingig von der Dosis ist. Wic auch frihere Unter-
sucher |7] finden wir ehenfalls starke individoelle Verschiedenheiten. in
der Ausnutzung der Adipinsiure.

Tabelle 5. Bilanzrersuche an an Adipinsdure gewishnton und nicht grwiknten Ruit u,

Die Tiere wurden P4 Tage hindurch mit tdglich 400 baw, 800 mg  Adipinsiure
gefitttert. Dic verfiitterte Gesamtdosis betrug somit 5,6 bzw, 11.2 ¢

Verfiittorte ! Gewbhnte Ratten Ungewohnts Ratton
Gesamtdosin Goesamit- ‘ Y% der Posis | Gesamt - booen diet Drosis
' ausecheblung g | ausgeachivden | ausscheidvne @ | ausgerchieden
58 ‘ 0,13 i 2.4 0,54 9.6
3,8 ! 0,44 : 7.8 0.83 11,2
X ‘ 0,84 « 15,0 0,78 14,0
5,6 ! 0.9 : 16,1 0,87 15.68
5,6 i 1,12 | 20,0 L1y 21.2
5,8 ) 1,17 20,8 1,49 26.6
5,6 i 1,27 . 22,7 3,06 36,7
56 | 1,31 24 3,36 G0
5,6 1,59 ) 28,5 )
3,8 | 1,67 29,8
11,2 I om | - 68 042 | 3.3
11,2 0,79 | 7,0 : 0,60 i 5.4
11,2 0,87 i 7.9 . 0,85 ‘ 3,8
11,2 1,76 1 15,7 ! 1,14 10,2

Mit dem zur Adipinsiiurebestimmung beniitzten gereinigten Ather-
extrakt des Harns fithrten wir noch papierchromeatographische Unter-
suchungen durch (iiber die Methodik siehe K. Laxe und K. H. Biss-
LER[8]). AuBer der Adipinsiure und kleinen Mengen Oxalsidure und Bern-
steinsiure, wie sie in jedem normalen Harn vorkommen, konnten wir
keine Biure nachweisen. Es entstehen also keine Zwischenprodukte beim
Abbau der Adipinsiure, die angegriffene Substanz wird vollstindig im
Stoffwechsel oxydiert. Dies deckt sich mit den Beobachtungen von Laxg
und BissLEr [8] iiber den Abban der Dicarbonsiuren durch das Cyclo-
phorasesystem. Auch in diesen Untersuchungen zeigte es sich, dafl die

. Affinitkt des Cyclophorasesystems zu der Adipinsiure nicht sehr gro8 ist,
‘daB aber ein einmal angegriffenes Molekiil der Biure sofort quantitativ
- ga 00, und HO, oxydiert wird.
Zusammentagsang.
In langfristigen Fitterungsversuchen (bis zu 33 Wochen) an iber
200 Ratten wird gezeigt, daB Ratten Tagesdosen von weniger als 400 mg
_ Adipinséure ohne nachweisbare Schiiden vertragen. Bei einer Dosis von
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(die Himoglobmwerte bhetrugen 69 -747,) einen vom der Norm ..
weichenden Betund. Dic leichte Anidmie aller Grappen (bei dee Koutrall.
gruppe ohne Adipinsiure war der Hitmoglobinwert 7000 etklirt gicl
zawanglos ans der nicht optimalen Eiweillzufuhr.

Dic histologische Untersachuny® evgab hei den Tieren, dic weniger alg
400 my Adipinsiure pro Tag echalien hatten, nichts Auffallendes. Die
histologisehen Betunde bei den mit geilieren Adipinsiuredosen hehandel.
ren Tieren waren von der Hohe der EiveiBzutulie viabbsingiy,

Antder Niere ergaben sich keine spezifizehen Betunde, Muftaltend wa.
ren starke Regencrationsvorginge in den Hauptsticken, kenntlich an
einer unverhiilt nismiBig groBen Anzahl von Mitoson, Dicser gevingfiigige
Befund ist um so bemerkenswerter, al< die Tiere kingere Zeic (80 23 W
chen) regelmii Bia betriichtliche Menzen Adipinsiure itm Harn auseeschie-
den hatten,

Auch an der Lo waren keine schwereren Verandernnzen nachweis.
bar. Bei den Tieven. die 400 und 800 myg Adipinsiure erhalten hatten,
lie sich stellenweise cine VergriBierimg der Zellkerne sowic ¢ine Vermeh-
rung der Zahl der Zellen mit zwei und mehr Revoen Leohachten, Eine
Strukturverinderung der Kerne war nicht nachznwcisen, Mitunter warle
eine Vergrogerung des sesamten Zellvolumens festeeste it Der anffallend.-
ste Befund in der Leber war eine Zunahme dey Zalil der Kvrerseschen
Sternzellen. verbunden mit einer VergroBerung dieser Zellen.

Der Darm bot das Bild cinex chroni<ch entziindlichen Zustandes. Das
Resorptionsepithel war hiher al« normal. die Zellen ersehienen verliingert
und plasmareicher; die Kerne waren schr voluminis und basalwiirts ver-
lagert. Die Abgrenzung des Epithels gegen die Unterlage war unscharf
und die Begrenzung gegen dio tunica propria hickerig. Der Resorptions-
saum des Epithels war stark verquollen. Die Zahl der Becherzellen war
vermehrt. Es bestand cin starkes Regenerationsbestreben, kenntlich an
den zahlreichen Mitosen in den Krypten. Das lymphatische Gewebe in
der $unica propria war wesentlich vermehrt.

.Pie Unvertriglichkeit hsherer Adipinsiuredosen beruht also offen-
sichtlich in der Hauptsache auf einer Schidigung der Darmschleimhaut,
die zu schweren Durchfillen und ciner verminderten Ausnutzung der
Nahrung AnlaB gibt.

Die Tab. 5 zeigt das Ergebnis der Bilanzversuche. Die an Adipinsiure

ten Rasten waren der Versuchsreihe ILI entnommen worden und
hatten 30—25 Wochen vorher schon tiglich die angegebenen Adipin-
erhalten. Wie man sieht, besteht kein deutlicher Unter-

w
<yohtiil swishhen den sn Adipinsinre gewdhnten und den nicht gewdhnten
*m lthuf. Dr. Warzxa vom Anatomischen Tustitut unserer Universitat sind

,.W Auswertung der histologischen Priparate zum grobten Dank

q'!g X Wk
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geftterten. Die Todesfiille verteilten sich wic folgt: 1 in der ersten, 3 in
der zweiten, 5 in der dritten, 1 in der vierten Woche. Auch «ie Verteilung
der Todesfille auf die ersten Wachen zeigt, daB dic Huuptechidigung i
den Beginn der Versuchszeit fillt. Aus der Gewichiskurve und aus Jdom
inBeren Verhalten der Ratten, die 400 my Adipinsiiure erhivlien, erealy
gich kein Hinweis auf cine Unvertriaglichkeit dieser Dosis,

Um etwaige toxische Wirkungen der Adipinsénre stivker in Frshei.
punyg treten zu lassen, wurden in einer vierten Versuci<reihe Datten bei
einer KiwciBmangeldiit mit Adipinsiure behandelt. 1as Fut'or bestand
nur aus Weizen, ergiinzt mit Lebertran. Dadurch war die Fiweilr i fuln
auf 11", herabgesetzt. Zudem erhielten die Ticre damit ein hiodasisch
nicht mchr o hochwertiges Eiwei wie in den crsten diei Ver-ie hisreshien,

Tabelle 4. Gewichtszunahme und Mortalitit von Ratten. iic bei ciner Eiwe ifhmang: hiiat
(119, Protein) mit Adipinsdure yefiittert vt o,
(Zahden in Klammern > Anzahl der Tiere, aus :lencn v Mittelw: r1e
errechnet wurden.)

Tagliche Y Anfangs- Gowicht | Guwicht Zalib b1
Adipinsiure- #ewicht nach 8 Wochen nach 1Y Weihe veret rhoenen
Drasis g 8 ® 14 Tivee

0 } 54 | 102 416 (10) 200 - 28 1) 2
M i 54 | 103 -4 9 (10) ) 179 3240 0
100 53 ; 94 4. 14 (10) ! 172 59 % i
200 5 104 {13 (8) | Is2 . 335 3
400 55 | 1971400 | 144 205 2

In der Tab. 4 sind die Befunde iiber das Wachstum der Tiere zusam-
mengestellt. Durch interkurrente Todesfille, fiir die eine plausible Tudes-
ursache nicht zu ermitteln war, und Tétung von Tieren zwecks anato-
mischer Untersuchung in der 7.—8. Woche nakm die Zah! der Versuchs-
tiere in den spiteren Wochen des Versuches stark ab. Der Versuch zeigt °
deutlich, daB die Toxizitiit der Adipinsiiure bei einer unzureichenden
EiweiBzufuhr groBer ist als bei einer optimalen Erndhrung. Wihrend in
den Versuchsreihen 2 und 3 sich kein Hinweis fiir eine Schidigung der
Tiere, die bis zu einer Hemmung des Wachstums fithrt, ergeben hatte,
war bei der verringerten EiweiBzufuhr das Wachstum der mit 400 mg

- Adipinsiure gefiitterten Ratten signifikant gegeniiber der Kontroll-
. gruppe verzogert. Die Wachstumshemmung war auch noch nach 19 Wo-
" chen vorhanden. Die sonst beobachtete rasche Erholung der Tiere bei
- hoher Adipinsiurezufuhr war hier nicht eingetreten. AuBer der Wachs-
tumshemmung wiesen die Tiere keine duBerlich auffallenden Befunde
auf, sie hatten keine Durchfiille, zeigten ein normules Haarkleid und wa-
ren nicht apathisch. Die Kontrolle des Blutbildes (Hamoglobingehalt),
Zahl der Erythrocyten und Leukooyten, Differentialblutbild) ergab bei
keiner Gruppe dieser Versuchsreihe auBer eirier geringgradigen Animie

D&
D
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wahrend dieser Zeit. struppig und glanzlos. im Vertwat der vierien yyg
fiinften Woche erholten sich dicse Batten, Sie wurden lebhatter und iy
Fell wurde glatt und glinzend.

Tabelle 2. ticwrechtazinhne ron Ballew, dis 5 Weocdon peit Adipisaus.
gefisttert avorden swe v,

tapliche Whignn Vadangsgrwicin Pantaew ol Laly
~anredons ) 9 < der Verman histicg

1] e T 151 2oe I~

LT o2 a |t R IN

EIE L] t a3 a0 [ 1Y

L] 17 7 fen t [

D die Versuchsreihe Hoeindeutig ergeben hatte, dat die Zutolnr yor
St my Adipinsiinee im Tag zn Schidigungen der Gesundheit fihe
wurde cine weitere Versuchsreibe unternommen. nm et ciner langey
Dauer des Verstiehs (33 Wochen) zn kliiren, ol nicht sehon (00 my Adi.
pinsiiure im Fag toxiseh wirken, Die wichtizsten Ereebnis<e sind in dey
Tab. 3 zusammengetalit.

Talwlle 3. Govichtszvmthine wnd Huortditet von Battes, do 335 Waehen hind ol

wit Adipioadure gefutt vt wirden,

Tiglilw Anfans Gewicht . tewfeht 2ol Lahl der
Adipimsaure. sewleht narh ‘ uach il-'r.‘i‘i(~r‘- gestorbenen
Loslamg " & Woehen 33 Woelwn * Ticre -

@ 4 2T 36 n 4
400 4 Is3 ;25 250 ) 4
NOD ™ 134 ¢ 24 320 - 3L 4 . 10

In diese Versuchsgruppe waren einige pravide Weibchen aufgenom-
men worden. Es zeigte sich. dall auch die hohen Adipinsiuredosen ohue
sichtbare Wirkuny anf gie waren. Sie warfen Junge umd waren auch in
der Lage diese aufzuzichen. Diese Tiere wind in der Tah, 3 nicht mit be-
riickaichtigt. Ebenso sind in dieser Tabelle nicht mit aufgenommen die-
‘jenigen Tiere, die zur histologischen Untersuchung gotéitet wurden. Die
whhrend der Versuchszeit verstorbencu Tierc sind bei den Gewichts-
angaben gleichfalls nicht mit heriicksichtigt, Auch in dieser Versuchs-
vefhe ergab sich eine cindeutige toxische Wirkung der Dosis von 800 mg
#m Tag. Die Gewichtezunshme der mit dieser Dosis gefiitterten Tiero war
signiikant geringer alr die der Kontrollgruppe. AuBerdem zeigte diese
Grupps eine hobe Mortalitit. Genau wie in der Versuchareihe IT erkrank-

) &,‘ﬂm mg Adipinsiure gefiitterten Ratten mit staripen Durch-

~wnil ‘wiswen ein struppiges und glanzioses Fei anf. Sie waren im

s Oagptiets zo denTioren der anderen Gruppen apathisch. Aber auch in
der Vesswelireihe 111 waren diese Verinderungen nur in den ersten dre

' sa basbachten. Die Ticre erholten sich zunehmend and erreich-
83 Wachen dassslbe Gewicht wie dic mit 400 mg Adipinskure
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wollstindig verzehrt wurde. Sie betrug anfiinglich 10 g pro Tier und Tag il warde
it steigendem Gewicht der Tiere entsprechend erhiht. Die Gewichtszanahme der
Tiere wurde laufend vertolgt. Vemuchnsdauer 5 Wochen.
" Versuchareike 111, Minnliche und weibliche Ratten mit cinem Anfangsgewicht
won 80—80 g erhiclten im Tag 0 hzw. 400 und 80O mg Adpinsiure (nit NaOH,
peutgalisiort im Futter, das aus 809, Weizenschrot und 20%) Volmilchpulver be-
- stand. Die Futtermenge betrug 10 g pro Tier und Tag und wurde mit dem Wachs.
sum der Tiere entsprechend erhiht. Die Verauchsdauer betrug 33 Wochen. Nach &
und 23 bzw. 25 Wochen wurden Tiere zur Listologischen Untersuchung getitet.

Versuchsreihe 11, Minnliche Ratten mit cinem Anfangsgewicht von 40 60y
erhielten hei cinem eiweiBarmen Futter iny Tag O bzw, 50, 106, 200 und 400 Adipin-
shure (mit NaOH neutralisiert). Das Futter hestand nur aus Weizenschrot . erginzd
mit 0,2 em® Lebertran pro Ratte und Tug. Fs enthielt 117, Protein (N - 6.25).
Die Futtermenge wurde den Tieren, wice in den anderen Versuchsreihen beschrichen.
zugeinessen. Dic Versuchsdauer betrug 19 Wochen, Tn der achten Woche « orden
aus jeder Gruppe 3 Tiere zur histologischen Unteranchung getbtet. In dieseny Ver-
such wurde dax Blutbild der Ticre verfolgt.

Bilanzversuche, An Adipinsiure gewdihnte und ungewihute Ratten wurdeu in
Stoffwechselkifigen gehalten und crhielten in 14 Tagen insgesamt 5.6 g (tiglich
je 400 my) oder 11.2y (tiglich je 80O mg) Adipinsaure hei der Standarddiat zu
fressen, Die an Adipinsiure gewohnten Ratten waren Tiere, die 20 Woclien lang
je 400 myg Adipinsiiure pro Tag oder 25 Wochen je 80G mg Adipinsiure im Tag
erhalten hatten. Der Harn jedes der Tiere wurle unter Toluol wihrend der gesumten
Versuchsdauer gesammelt. Die Adipinsaurebestimmuny erfolgte damn nach der
Methode von WriTZRL |71,

Das Ergebnis der Versuchsreihe I ist in der Tab. ] zusammengestellt.
Bei der in dieser Versuchsreihe angewendeten niederen Dosis ergab sich

Tabelle 1. Gewichiszunahme vom Kutten, die 4 Wachen hindurch
mit Adipinadure gefittert worden waren.

Thgliche Adlpinsinre- | Gewichtsxunshme

Dosis mg [ der Versuchstiere
0 ‘ 58 4+ 13* 17
10 ‘ 52 4+ 14 ' 18
20 621l | 2
40 | es+18 | 17
* Mittlere Abweichung ¢ = 1/7?_ .

weder in der Wachstumskurve noch im sonstigen Yerhalten der Tiere
etwas Auffallendes. Infolgedessen wurde eine xweite Versuchreihe mit
einer wesentlich hoheren Dosierung der Adipinsiure durchgefiihrt. Thr
" Ergebnis ist in der Tab. 2 sussmmengefat. Dis Gewichtszunahmen der
mit 200 und 400 mg Adipinsiure gefiitterten Ratien zeigten gegeniiber
.denjenigen der Kontrolltiere keinen signifikantan Unterschied. Dagogen
war das Wachstum der Tiere, die 800 mg Adipinskare im Tag erhalten
. hatten, signifikant, gegeniiber dem der Kontrolitiere vermindert. Sie
litten in den ersten 2—8 Woohen an schweren Durchfillen. Ihr Fell war
Biocheminche Zeituchrift, Rd. 323, ’ a2
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Cher den Stoftwechsei
und die Vertriiglichkeit der Adipipsiiure.
Von
Koskap Laneg und Aask-Kisvanr Baresen,

Aus dem Physiologiseh-Chemisehen [nstitut
der Jobannes Gutenhery- Universitdt ze Mainz,

t Kingrquongew ang 2, Dezembu e 1152, )

["ber den Stoffwechisel der Adipinsdure licgen schon eine Rethe vy
Mitteilungen {1-- 7] vor. Ubereinstimmend haben alie Untersucher fest.
aestellt. daB an Menschen oder Versuchstiere (Hunde, Kaninchien) ver.
fitterte oder injizierte Adipinsdaure nur zum Teil im Organismus ver.
wertet wird. Ein mehr oder nunder betriichtlicher Prozentsatz der ver-
abreichten Dosis (ctwa 5--50°,) wird unveriindert im Harn ausgeschie.
den. Die hisherigen Angaben beziehen sich fediglichy aut kurzfristige Ver-
auche. in denen die Adipinsiuredosis anf einen oder nur wenige Tage ver.
teilt gegeben wurde. Im Zusammenhang mit dem Problem des Abbuues
von Dicarbonsiiuren im Organisnius interessierts uns auch die Frage. wie
der Tierkérper auf eine lingere Zeit hindurch fortgesetztc Zufuhr der
Substanz reagiert und ob sich eine Steigerung der Fihigkeit. die Sub-
stanz im Stoffwechsel zu verwerten, beobachten lafit.

Zur Klirung dieser Fragen verfiitterten wir an Ratten tiglich bis zu
800 mg Adipinsiure. Die Versuchedauer betrug bie zu 33 Wochen. Da
sich Schidigungen bei einem eiweiBarmen Futter rascher und stirker zu
entwickeln pflegen, wurde in einer besonderen Versuchsreihe die Wirkung
der Adipinsiure bei einer Diit mit wenig und dazu nicht sehr hochwer-
tigem EiweiB aberpriift. In den Fiitterungsversuchen wurde das Blut-
bild der Tiere laufend kontrolliert. AuBerdem wurden in Abstinden Tiere
getotet und anatomisch (makroskopisch und mikroskopisch) untersucht.
In eluer gesonderten Versuchsreihe wurden erdlich noch gensue Bilanz-

- untersachungen durchgefihrt.

- o ) Methodik. T
~  Vegsuohorsihe I. Weibliche Ratten von oinem Anfungsgewicht von durchsohnitt-
Neh 92 g erhiclton bel einer Standarddikt tiglich 0 bzw. 1, 20 oder 40 mg Adipin-
m‘m Die Standarddikt bestand sus 80%, geschroteters Weizen und
2% Vollmiichpulver. Dis Tieve konntea von dem Futiersd Hbitum froseen. Die

. Cafiobtemachens der Tiors wurds lanfend verfolgt. Versuehadawer 4 Wochen.
< Verswoharedhe 11, Miinnliche Ratten mit einem Anfangsgewicht von 40—00 &
) M i Tag 0 bzw. 200, 400 und 800 mg Adipinesure (mit NsOF) neutralisiort.
e’ Pugtar bentand gleichfalls aus der Btandarddikt (80% Weizenachrot und 30%
tw Die Futtermenge wurde so bemessen, daB sis' von den Tieren

G .
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diarrhea, alterations of the fur and the behavior of ths animal,
as well as significant relardations of growth, Aside from the
findings in the intestine, the histologically detectable organ
alterations are slighnt,

In the case of a protein-poor diet with 11% protein, 400 mg
adipic acid per day are enough to 4#mkibit growth,

Despite a considerable daily excretion of adipic acid in the
urine, the kidneys reveal no marked anatomical alteratioas,

The degree of excretion of adipic acid is equal in the case of
both rats accustomed to adipic acid and those unaccustomed to it.
The orgenism does not attain the capﬁfcity to convert inecreased
amounts of the substance,

The damages due to the feeding of larger doses of adipic acid
affect above all the intestinal mucosa,
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Table 5, Balance experiments on rats accustomed and
unaccustomed to edipic acid.
The animals were fed 400 or 800 mg adipic acid daily for 14 days,
The total dose fed thus amounted to 5.6 or 11.2 g.

A. Bo CQ
7 Verfiitterte Uewohng Ratten !l UngewolPte Ratten
Gesamtedosis ® Gesamt- . o0 dor Dosis | 'Gcsamt~ . % der Dosis
4 ausscheidung g ausgeschleden ansgeheidung o au~geschied n
5,6 oo | 24 054 | 0.6
5,6 0,44 i 8 0,63 ‘ 11,2
3.6 ’ 0,84 K 15,0 0,78 ‘ 14,0
9,0 0,90 ’ 16.1 0,87 . 15.6
5,8 ‘ 1,12 . 20,0 . 1,19 | 21,2
2.6 . 1,17 ! 20,8 : 1,49 : 26,6
5,6 1.27 ; 227 » 2,06 | 36,7
A0 . 1,31 . 23,4 ! 3,36 ‘ 60,0
56 o 1,59 .4 .. 285 ' 1
56 e 167 %1~ 298 I |
U U HN U U U PR VU
ne 0 0w | 68 | 042 3.8
nz - ' om 70 7 080 S 4
11,2 0,87 7.7 0,65 1 58

11.2 1.78 15,7 | 1,14 | 10,2

Key:
A.= Total dose fed in g
B.= Accustomed rats
1., tatal excretion in g 2. % of the dose excreted
C.= unaccustomed rats
1l and 2 as above,

With the purified ether extract of the urine used for the
detemination of adipic acid, we performed papear chromsatographic
examinations, (For the methodology see K. LEG and K.H. BASSLER (8))
Aside from the adipic acid and small amounts of oxaljic acid and
suookuic acid, as they occur in normal urine, we could detect no
acid. Thus no intermediate products form in the decomposition

of adipic-acid; the substance attacked is oxidiged completely in
the metabolism, This agrees with the observations of Lang and
Bassler (8) concerning the decomposition of the dicarbonic acids
by the cyclophoragis system. In these examination as well it was
shown that the affinity of the cyclophorgeis system to adipic acid
is not very great, but that a molecule of the acid once attacked
is immedietely oxidiszed im@miitatively into CO, and HO,.

Sunpery

In long-term feeding experiments (up to 33 weeks) off more
than 200 rats it is shown that rats tolerate daily doses of less
then 400 mg adipic acid without detectable haxm, In the case of a
dose of 400 mg, slight histological alterations result in the liver
and kidneys, and marked ones in the intestinal mucosa., Disturbances
of the growth or other exteriorly recognisable a;pgtoms are not
found in the case of this dosagel Daily doses of 800 mg cause
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without adipic acid the hemoglobin value was 70%) can easily be
explained by the insufficient protein intake,

The histologiesl exsminationl revealed nothing remarkeble in
the case of the animals that received less than 400 mg adipic acid
per day. The hietological findings in the case of the animals
treated with larger doses of adipic acid were independent of the
size of the protein intake,

No specific findings were determined in the kidneys., Remarkable
were marked regeneration processes in the major sections, recogni-
zable from a very large number of mitoeaa. This slight finding
is all the more remarkable bscemse the sgsilliials excreted considerable
amounts 4f adipic acid regularly in their urine for quite a long
time (8-23 weeks),

No intensive alterations could be detected in the liver eithey.
In the case of the animals that had received 400 and 800 mg adipic
acid, an enlargement of the cell nuclei, as well as sl increase in
the nnmber of cells with two and more nyclei could be obmerved in
places, A structural alteration of the nuclel could nct be deter-
nined, Occasionally an enlargement of the total cell volume was
determined, The most remarkable finding in the liver wes an increase
in the number of Kupfer star cells, combined with an enlargement of

these cells,
’ The intestine offered the picture of a chronig«lly inflammatory
condition. The absorption epfthelium was higher t ncrmel, the
cells appeared elongated and richer in plesma; the nuclei were very
voluminous and situated toward the base of the cell., The border of
the epithelium toward the base was unclear and the dorder along
the tunica propria was bumpy. The absorption border of the epithelium
wap markedly swollen. The number of goblet cells was inoreased,
There was an intense effort at regensdraViillp, evident from the numerous
mitoses in the crypts. The lymphatic tissue in the tunics propria
was significantly increased.

The intolerability of higher adipic acid doses thus gbviously
is bamsed éhiefly on damage of the intestinal mucosa, which causes
heavy diarrhea and s reduced utiligation of the food,

Table 5 shows the results of the balance experimenis, The rats
accustomed to adipic acid were taken from experimental series III
and had already 20-25 weeks beforehand received daily the indicated
amounts of adipic acid, As can be seen, there is no clear difference
between the rats accustomed to afiipic acid and those unacoustomed
to it as concerns the excretion of the substance in the urine, The
organism obviously does not achieve the capacity, after long-term
administration of the substance, to convert the substance better in
the metabolism, which is somewhat determined by an adeptive engyme
formation. Furthermore it can be seen that the degree of excretion -
at least in the areas examined —- is independent of the dose., Like
other earlier resemrchers (7), we also find marked individual diff-
erences in the utilization of adipic acid.

17We owe Prof. Dr. WATZKA of the Anatomical Institute of our Uni-
versity many thanks for his helpful analysis of the histological
preparations,
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But in experimental series II, these alterations were observed only
in the first three weeks, The animals recovered gradually, and
after 33 weeks reached the same weight as the animals fed with
400 mg adipic acid. The deaths were distributefl as follows:
1 in the first, 3 in the second, 5 in the third, 1 in the fourth
week, IEven the distribution of deaths in the first weeks shows
that the chief damage ocours in the b ping of the experimental
period. No proof of an imdglerability of ¥9we-400 mg dcse can be
found in either the weight curve or the apparent behavior of the
rets that received this dose,

In order to allow certain toxic effects of adipic acid
to maenifest themselves more strongly, rats were treated with adipic
acid in a protein-deficient diet in a fourth experimemtal series,
Tne feed consisted only of crushed wheat, supplemented with cod-liver
oil, In this way, the protein intake was decreased to 11%, In addi-
tion to this, the animals received a protein that was blologically
not of as high value as that of the first three experimental series,

Table 4, Weight galn and mortality of ratia
that were fed adipic acid in a protein-deficient diet
(11% protein)

Daily adipic Initial Weight after Veight after RNo, of
acid dose ng weight 6 weeks 19 weeks dead animals
&€ & &

0 54 102 + 16 10; 200 + 28 (5 2

50 54 103 £+ 9 (10 179 £ 32 (7 0
100 53 94 + 14 (10 172 + 39 (5 h
200 54 104 + 13 (8 182 + 33 (5 2
400 55 79 £ 14 (10 144 + 26 (5 2

In Table 4 are shown the findings concerning the growth of
the animals. Due to intercurrent deaths, for which ro plausible
cause could be found, and killing of the animals for the purpose
of anatomical examinations in the seventh and eighth veeks, the
number of animals in the later weeks of the experiment decreased
markedly., The experiment shows clearly that the toxicity of
adipic acid is greater in the case of insufficient protein intske
than in the case of optimal nutrition. While in experimental series
2 and 3 no proof of damage to the animales that leads tc inhibition
of growth was found, in the case of the reduced protein intake
the growth of the rats fed with 400 mg adipic acid was inhibited
significantly in contrast to the control group. Inhibition of
growth was still manifest after-1l9 weeks, The otherwise rapid
recovery of the animals observed in the case of high adipic acid
intake did not occur here, Besides the inhibition of growth, the
animals revealed no outer remarkable signe; they had no diarrhea,
their fur was normal, and they were not apathetic. i the
blood picture (hemoglobin contenty. number of erythrocytes an
lewcocytee, differential blood pigture) revealed no finding deviating
from the norm, except for a slight anemia (the hemoglobin values
amounted to 69-74%), for any of the groups of this expsrimental
series. The mild anemia of all tue groups (in the control group
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adipic acid, Its results are shown in Table 2, The weight gains

of the rate fed with 200 and 400 mg adipic acid are not significant-
ly different from those of the control animals, On the other hand,
the growth of the animals that received 800 mg adipic acid per day
vas significantly decressed in contrast to the esntrol animals,
During the first 2 to 3 weeks, they suffered from heavy diarrhea.
During this period, their fur was shaggy and dull, In the course
of the fourth and fifth week, these rats recovered, They became
more lively and their fur became smooth sp& shiny.

Table 2, Weight gain of rats that were fed with
adipic acid for 5 weeks

“Daily adiplc acid  initial welght 1Hnd weight Namber of

dose in g £ 4 enimals

0 o T 154 + 20 18
200 52 + 7 156 + 26 18
400 44 + 5 139 + 15 18
goo o7+ 7 joo 2 4y 15

Since experimental series 1I cqmsistently showed that the
addition of 800 mg adipic acid per day leads to disorders of health,
another series of experiments was undertaken in order to clarify,
over a longer experimentational period (33 weeks), whether 400 mg
adipic acid per day already heg a toxic effect. The most important
results are shown in Table 3,

Table 3., Weight gain and mortality of rats
that were fed with adipic acid for 33 weekn

Daily adipic acid 1Initial Weight Weight XNo, of Mo, of

dose in mg weight after after animals dead
g 8 weeks 33 weeks animals
0 74 207 + 35 - 11 4
400 74 183 £ 25 325 % 25 9 4
800 13 154 + 24 320 + 31 4 10

In this group, several pregnent females were included, It was
shown that even the high adipiec acid doses had no effect on them,
They bore litters and were capable of suckling them as well, These
snimels are not considered in Table 3. Also not inciuded in this
table are those animals that were killed for the purpose of histo-
logical examinations. The animals that died during the experimental
period are alpo not considered in the weight data, .In this series
of experiments as well, there was a uniform toxic effect of the
dose of 800 mg per day. The weight gain of the animals fed with
this dose was significantly lesa than that of the control group.
Beyond this, this group demonstrated high mortality. Just as in
experimental series II, the rats fed with 800 mg adipic acid fell
111 with heavy diarrhea, and their fur became shaggy and dull,

In contrast to the animals of the other groupe, they were apathetic,
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with NaOH daily, The feed was once sgain the standard diet

(80% erushed wheat and 20% whole milk powder), The amount of
feed was so measured, that it could be consumed completely by the
animals., Initiaily, it smounted to 10 g pexr snimals sndf per

day, and was increased in proportion to the increasing weight of
the animals, The weight gein of the animals was observed con-
tinuously., Duration of experiments 5 weeks,

Experimental Series III. Male and female rais with an
initial weight of 60-80 g received daily in thelr food, ‘gch con-
sisted of 80% crushed wheat and 20% whole milk powder, 3 and
800 mg, respectively, of adipic acid neutralised with NaOR. The
amount of feed smounted to 10 g per animal and per dag and was
increased in proportion to the growth of the animals, The dura-
tion of the experiment was 33 weeks, After 8 and 23 or 25 weeks,
animals were killed for histologlical exsminations,

Bxperimental Series IV, Male rats with an initisl weight of
40-60@ received deaily, in a protein-poor feed, O or 50, 100, 200
pnd mg adipic aeid (neutralised with NeOH)._ The foed consisted
only of crushed whegls supplemented with 0,2 omJ cod-liver oil
per rat and per day. It contained 11% protein (N x 6.25). The
amount of feed was matched to the animels as described in the other
seriss of experiments, The duration of the efiperiment waz 19 weeks,
In the eighth week, 3 animals from each group were killed for
histological exesminations, In this experimeat, the blood pieture
of the animals was followed.

Balancing expefiments. Rats accustomed and unaccustomed to
adipic acid were kept in metabolism cages and received, in 14 days,
a total of 5.6 g (400 mg daily) or 11.2 g (800 mg daily) of afiipte
acid in a standard diet, The rats accustomed to adipic acid were
animals that had received 400 mg adipic acid each per day for
20 weeks, or 800 mg adipic acid each per day for 2§ wamwe. The
urine of each sanimaluwas collected in toluene for the duration of
the experiment., The determination of adipic acid was them performed
according to the method of Weitgel (7).

The result of experimental series I is shown in Tuble 1,

Table 1. Weight gain of rats that were fed with
adipic acid for 4 weeks,

“Daily adipic acid Veight gein =~ Namber of sxperi-
nentel animsin

dose mg £
0 55 £ 13* 17
10 52 + 14 18
20 62 + 11 2
40 68 + 16 17

% Average deviation ;,;' |/XW’l
In the case of the loir dose used in this experimental series,
nothing remarkable resulted either in the growth curve or in

other behavior of the animals, As a coﬂ.w,‘oo, a seqond series
of experiments was conducted with sn essentislly higher desege of
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Biochemische ZeltschrAft, 323, 462-468 (1953)

CONCERNING THE METABOLISM AND ROLPBABILITY OF ADIPIC ACID
by
Konred Lang and Aase-Rigmar Bartsch

From the Physiologico-Chemical Institute of the
Johannes Gutenberg University in Mainz

(Rntered on December 2, 1952)

A series of reports (1-7) is alresdy available conocerning the
metabolismm of adipic acid. All the researchers detemined that
adipic acid administered to humans or animals (dogs, rsbbits) either
in food or by injection, is only partly utilised in the organismm,

A more or less considerable percentage of the administered dose
(about 5-50%) ims excreted tmvmiitered form im the urine, Data
provided thus far relates only to shori-temm experiments, in which
the adipic acid dose was distributed over one or a few days. In
connection with the problem of the decomposition of dicexbonic
acids in the organism, we were interested imiythe questlon of how
the animal organism reacts to an administration of the substance
continded over a long period of time, and of whether thers can de
observed an increase in the ability to utilize the subsiance in the
metabolism,

In order to answer this question, we fed rats up %o 800 mg
adipic acid deily. The duration of the experiments was up to 33
weeks, Since damages generally develop more quiockly and more in-
tensively when a diet is poor in protein, the effect of the adipic
acid was verified in a special series ef experiments u&gﬁa diet
with very 1ittle, and not very high walue, protein, In feeding
experiments, the blood picture of Vhe animals was continmquely
chegked., Beyond this, animals were killed at intervale wnd exampined
anatomically (macroscopically and microspepically). In s sepsrate
serie: of experiments, precise balancing examinations wore per-
formed,

4

Experimental Series I. Female rats of an average initial
weight of 92 g received 0 to 10.20 or 40 mg adiplc acid daily in
their food, which was s standard diet, ‘The standard diet consisted
of BO% crushed wheat and 20% whale milk poarder, The animalp were
free to eat &8 they wisued, The weight giin of the aniwmsis was
observed continuoualy, Duretion of experinh¥: 4 weee,

Bxperimental Series II, Male rais witd an initial weight of 40-
60 g received 200, 400 and 800 mg edipie ohSlfimentrsliszcd with

»
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Infermediary Metabolism of Adipic Acid

1. I. RusorF, R. R. BALDWIN, F. J. DOMINGUES, C. MoNDER,!
W. J. Ouan, anp R. THIESSEN, JR.

Research Center, General Foods Corporation, Tarrytown, New York

Received December 17, 1959

Adipic acid has been used in recent years to supply acidity to food
products. A comparison of its flavor contribution with that of citric
and tartaric acids has shown equal performance in regard to its acid
character.

Information concerning the intermediary metabolism of adipic acid
by animals is limited and quite contradictory. A review of the literature
indicates that adipic acid is metabolized by man to some extent (Stetten
and Boxer, 1944; Stohr, 1938). Adipic acid was not toxic to rabbits
(Enders, 1941), rats (Enders, 1941), and humans (Bernhard and
Andrcae, 1937; Hanson, 1943: Weitzel, 1942). After feeding a dict
containing adipic acid, the urine usually contained increased amounts
of adipic or other organic acids. Adipic acid is frequently present in
small amounts in the urine of normal individuals (Hanson, 1943). Mori
(1918) reported an increase in oxalic acid excretion when adipic acid
was injected subcutaneously in rabbits. On the other hand, Kabelitz
(1943) reported that oral feeding of adipic acid to man did not influence
the excretion of oxalic acid. Stohr (1938) found that adipic acid. when
fed to rats, failed to increase the liver glycogen. Catabolism of adipic
acid by p-oxidation is repeatedly suggested, but has not been established
conclusively. ‘

In order to determine the metabolic changes that adipic acid under-
goes, it became necessary to establish procedures that would quantitatively
estimate the adipic acid and its metabolic products in tissves and urinc.
Since such procedures had not yet been worked out. investigations wete
undertaken toward this end.

1 Present address: Albert Einstein School of Medicine, New York, New York.
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of acids containing even numbers of carbons in contrast to those
having odd nuinbers of earbons. It would appear, therefore,
that adipie, pimelie, suberie, und uzelnic acids are either not oxi-
dized in the rabbit, or are decomposed by methods other than
direct g-oxidation.

CONCLUNIONS

. ‘The sodinm salts of adipie, pimelie, suberic, und uzeluic
aeids are ildly nephroputhie agents when administered =ubeu-
taneously to rabbits, but are much lJess toxic than is sodivm glu-
tarate under similne conditions.

2, sinee pimelie (Cqa) and ageluie (Cy=) uvids are not more
toxie thun are adipic (Cy=) nnd suberic (Uys) neids, it appears
improbable that direet g-oxidation of dicarboxylie acids oveurs,
mhierwise the ubove acids with odd numbers of earbons would
yiekd glutarie acid, and lend to very severe Kidnes injury,
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TABLES
Suberic acid
Rabbit 37, male, 2324 grams

———— e e

a
8
E % BLOOD -
H e
DATE g ” ‘s E NOTEA, BYC,
: 25__.? e
grame c’:.n't mgm. | mgm. r’:"M
July 4. ooenne BN No food; wuter ad lib,
July 8.l 71* | 44.5; 1.8 | 0.55) 10:00 a.mn., 8 ce. hlood. 11:10
om., renal test
July 6. 45.4/ 1.8 | 0.54 10:000.tu.. 8 ce, blund
July 6.......ooui 2.0 12:00 noon, acid 15 iujeeted
subewtancously ©s  sodiug
ealt in 16 cc. of water
July 7.0 . o &v1 § 60.0] 2.0 | 0.5} 10:00 a.m,, 8 ce. blood. 11:20
a.m,, renal test
July 8.0 ‘e 40.4| 1.0 ] 0.52 10:00 nan,, 8 ce. blood
July 0.0l 45 0; 1.9 0.51} 10.00uam., ¥ ce. blood. Experi-
ment diseuntinued

*['irst period, 4 ce. urine contnining 48 per cent dye; secoud puriod, 3 ce, urine
comiaining 20 per,eent dye. Totul 71 per cent.
11irst periud, 3 ce, urine containing 30 per cent dye; sceond periad, 4 ce. urine
eontaining 20 per cent dye. ‘Total 50 per eceut.
TARBLE 4
Azelaic acid
Rabbit 39, mule, 2150 grams

E 5 RLOOD
e .
: g T
. L g g
- LI .
grams 0’:." mgm. [ mgm. c’::"
Jaly 2%, .00t No food; water ad lib,
Julya8........... 70*% | 41.9) 1.7 | 0.51} 10:00 a.m., ¥ ¢c. blood, 11:10
a.m., fenal teet
duly M. ... 41.3; 1.7 | 0.63] 10:00 a.m1., B ec. blood
duly 29........... 2.0 11:30 a.mm,, acid 16 injected sub-
cutaneously as sodium gnlt
, in 18 ce. of water
July80........... 08t | 61.1{ 2.1 | 0.50| 10:00 a.m., 6 ce. blood. 11:10
) a.m., renal test
dJuly 3L......... .. 60.8) 2.1 | 0.51] 10:00a.m , Hee. blood, Experi-
) ment discontinied

*Iirat period, 16 ¢o. urine eontaining 44 per vent dye; second prriod, 8 ce. urine
eontaining 90 per eent dye. Total 70 per cent.
{Firat period, 9 ¢e. urine containing 52 per eent dye; second period, 8 ce. urine
containing 16 per cent dye, Total 88 per sent,
a1
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observed. Evidently the six- to nine-carbon homologues of
glutaric acid, when administered subcutaneously as their sodium
salts, produce temporary interference with renal excretion, and
in this sense are mildly nephropathic agents. On the other hand, -
they do not compare with glutaric acid in intensity of toxie action.

TABLE 2
Pimelie Acid
Rabbit 44, mnle, 1470 grams
8
E, § ».00D
PATE g ; 8 :_——_—“ NOTES, EIC.
2 ] E B
s | E g'a ile
L S| E (2°| & | 2
grams ;:" mgm. | mgm. c‘:’.’;
October 20........ No food; water ad lib.
Qctober 21........ 81* | 41.0{ 1.3 { 0.50{ 8:456 a.m., 8 cc. blood. 10:25
a.m., renal test,
October 22........ 42.8{ 1.3 | 0.52] 9:20 a.m,, 6 cc. blead
October 22........ 2.0 12:35p.m,, acid 14 injected sub-
' cutaneously as sodium sali in
agueous solution
October 22........ 45% 8:45 p.m., renal test
October 23..... ... 68.6/ 1.5 | 0.52! R:25 a.m., 8 cc. blood
October 24........ 65} | 60.3: 1.5 | 0.52 9:25a.m.,7 ce. blood. 7:530p.m.
renal test
QOctober 25........ 83.6) 1.3 | 0.52{ 9:20 a.m,, 6 cc. bload. Experi-
' ment discontinued

*Kirst period, 9 ce. urine containing G0 per cent dye; second pericd, 8 ¢ce. urine
containipg 21 per cent dye. Total 81 per cent,

tFirst period, 12 cc. urine containing 33 per cent dye; second period, 6 de. urine
containing 12 per cent dye. Total 45 per cent.

tFirst period, 10 ce. urine containing 55 per cent dye; second period. 10 ce.urine
containing 10 per cent dye. Total 65 per cent.

The data serve to emphasize the fact previously affirmed (7),
namely, that glutaric acid manifests an unique behavior in the
animal organism. Except for oxalic acid, it is decidedly the
most toxic member of the homologous series,

No evidence was obtained of a difference in nephropathicity
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Rubbit 16, male, 2060 grams

TABLI
Adipie aid

DAL

December 5.,

Deceniber 6 ...

Decomber6.. ... :

December 7.

Decemihy 7.0,

|

Devetnher 8,

Deecember 9 .

December 9
December 10.. ..

20

40

DA D ADVININSYRERED

| PHTHALRIN KKCOVERED,

1

Lgramsi '
yran
“ Leent

i
!
T
(4id

|

iRl

!
1

Non-protein |
nitrowren

]
t
i

v

=
oy
-

N3

490

426

HLOOD

L
“ I
i B
e —‘a v ovr :
vigm | g rent
P
! |
220001 !0.114[
|
335 1.7 0.127
b
o
|
!
|
24517
i
|
!
23.3/ 1.6 .0.137
|
I

047

0.45

.48

Nl LT,

No food: water ad i,

10:00 Wi, O ¢, Byleva!

10:20 aan.. renal (e,

700 pan L, newd sinjected
subentancousty ae so-
dinm salt in 30 ce. of
water

G:30 am., G oee. blool
H:00 aan,, renal test

5:30 pam ., acid S injeeted
subeutaneonsly ss so-
dinn salt in 20 ee, of
water

10:30 am., 7 ec  blood.
10:40 aan. renal test

10:00 am.. acid 8 in-
jeeted subeutancously
us sodium rult in 30 ce,

" of water

2:30 p.m., renal test

10:00 am., 7 ce. blood,
2:00 p.m., renal test,
Experiment  discon-
tinued

*First period, 3 ec. urine containing 44 per cent dye; second period, 3 ee. urine
containing 31 per cent dye. Total 75 per cent.
{First period, 6 cc. urine containing 70 per cent dye; second period, 2 cc. urine
containing 9 per cent dye. Total 79 per cent.
{First period, 3 cc. urine containing 57 per cent dye; second period, 3 ec, urine
containing 22 per cent dye. Total 70 per cent,
§First period, 12 cc. urine containing 11 per cent dye; second period, 10 ce.
urine containing 9 per cent dye. Total 20 per cent.
€First period, 8 ce. urine containing 73 per cent dye; second period, 17 ce.
urine containing S per cent dye. Totul 81 per cent,
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procedure and analysis were identical with those previously
described (6).
The acids employed are briefly deseribed below.

Adipic veid 8. A snow-white preparation made by recrystailizing
a product obtained from the Fastman Kodak Company,  Acid was
free frons oxalie acid, and melted sharply at 150° to 151°C,  The melt-
ing points reported in the literature range from 149° to 153.5°C"

Pimelic acid 1. Preparved by the reduction of salieylic acid ac-
cording 1o the proecdure of Einhorn and Lumsden (2). Excess saliey-
lic acid was removed by oxidation with alkaline permanganate.  The
piniclic aeid so obtained was decolorized, aml repeatedly recrystal-
lizedd from water, benzene, and ether.  Melting-point, 104° to 105°C.;
theoretical, 105° to 106°C, :

Suberic actd 15, Prepared by the oxidation of castor oil with nitrie
aeid according {0 1he direetions of Markownikoff (5). Separation of
the suberie acid from the erude mixture of suberic and azelaie acids
was accomplished by the method of Day, Kon, and Stevenson (1).
The acid was reerystallized seven times from hot water. The final
produet was snow-white, free from oxalie acid, and melted at 140.5°
to 1H.53°C, Theoretieal melting point, 140° to 141°C,

Azlaie aeid 16, The residue from the preparation of suberice acid,
wag nsed for the separation of azelaie acid. through its ealeium salt,
aceording to the proecdure of Grote (4). The acid was recrystallize
three times from hot water, without change in melting point. The
Latter was 105.2 to 106°C.; theoretieal 106°C°,

In order to cconomize space, we are presenting the results of
only one experiment with each acid. The data detailed in tabley
1 to 4 inclusive, are typical of other experiments made with the
same ucids.  As will be observed, slight increases in non-protein
nitrogen and creatinine, occurred in each case, following the neid
administration, but the alterations in blood composition are
generally quite small, and of short duration. In some animals
(tables 1 and 2) the injections led to decreases in the output of
phenolsulphonephthalein. As a rule, the blood pictures indi-
cate complete recovery of renal function within forty-eight hours,
although in a few experiments (the details of which are omitted),
with larger doses of the acids, more prolonged effects were
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coan, Our experimental results thus supplement the data of
Flaaschentréiger et al.5, which have pointed out the great resistance
of the higher dicarboxylic acids in the animal organism, as well

as the findings of Edson7, who found an absence of any antiketogenic
effect of these dicarboxylic acids, which might be interpreted in
the sense of a carbohydrate formation, in liver section experiments.
In fact, in the latter's experiments, malonic acid was shown to be
gtrongly ketogenic. Thus, higher dicarboxylic acids hardly enter
the picture, within the framework of the intermediate melabolism, as
being sources of a sugar formation.

Experiments: We used young male white or dappled rats, that
had eaten nothing for 24 hours before the feeding. Weight of the
animals after not eating: 110-130 g. Amount of dicarboxylic acids
fed them. (given as Na salt): 0.2-0.3 g. Absorption duration: 4-8
hours. Glycogen determination accomplished according to earlier
indications.” (From the Medical-Chemical Institute of the University
of Innsbruck).

Table. Behavior of the liver glycogen after feeding with
dicarhoxylic acids. (10 control animals: 0.074 _ 0.016 g %)

A. B, Ce o De
! 1 verfiitterte \ Leberglykosen pro
Zab! der Tiete | Dicarbonsaure it Menge | 100 g Leber
| i g ‘ %
B ——— T T -
] i Malonsaure . . . |' o | o.04040012
6 % Bernstemsiured . “' o,15 . 0,909} 0,000
o 8{ Glutarsiure . . . il 0,25 0,02740,000
3 I Adipinsdure . . . | 0,25 1 0,066+0,007
6 ?‘w Pimelinsduren . . | 0,25 0,0384 0,011
0 Korksidure. . . . | 0,3 i 0,043-L0.0T4
4  Azelainsaure. . . | 0,3 0,030:F1 QU2
4 %‘ Scbacinsiure. . . § 0,3 | 0,04840,006

Key:

A. number of animals

B. dicarboxylic acid

C. amount fed in g

D. liver glycogen per 100 g liver, in g%

a. malonic acid b. succinic acid c. glutaric acid d. adipic acid
e. pimelic acid f, suberic acid g. azelaic acid h., sebacic acid
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ON THE QUESTION OF THE FORMATION OF GLYCOGEN FROM DICARBOXYLIC
ACIDS i

by
Richard Stdhr

Verkade et al.1 have proved that besides the usual oxidation
in ﬂ-position, free fatty acids in the organism can also be
oxidized in last position (G>-oxidation), whereby dicarboxylic
acids form, the further decomposition of which takes place through
one or both-sided 0 -oxidation, to dicarboxylic acids with
lawer carbon count. when it was nroved that under certain conditions
dibasic acids of various chain lengths can he formed, these acids
became of great interest as intermediate stages in the intermediate
metabolism.

The formation of dicarboxylic acids through W-oxidation of higher
fatty acids is of particular interest to metabolic chemistry, insofar
as it offers the organism the possibility of reaching directly the
uncommonly important succinic acid stage (dicarboxylic acid with
4 carbon atoms); the formation of this acid was previously assumed to
take place through dehydration of acetic acid or pyruvic acid
(through -, o'-diketoadipic acid)? The significance of sucecinic
acid for the metabolism is twofold: 1. Succinic acid is the first
member of the succinic acid--fumaric acid--malic acid--oxalacetic
acid system, in which end oxidation essentially is supposed to take
place, and to which_is ascribed, on the basis of the research of
gzent-Gyorgi et al,” a dominant position in the dehydration processes
in the muscle; 2. all members of the succinic acid-~-oxalacetic
acid series are excellent glycogen formers2, so that -- given a
certain metabolic gituation -- there is a possibility for a con-
version into carbohydrate for all compounds whose decomposition
leads into this system.

In this connection, the question was examined of whether an
increase in liver glycogen can be determined in a feeding experiment
on starving rats after administration of high dicarboxylic acids with
even carbon count. Since according to Ringer, Frankel and Jonas
malonic acid is also supposed to overate glucoplastically, (experi-
ments with phlorizine—diabetic animals), this acid, as well as
higher dicarboxylic acids with uneven carbon count were also con-
sidered in our experiments, although the acids do not appear as
intermediate products of the normal metabolism. Our feeding experiment:
thus encompassed dicarboxylic acids with 3.10 carbon atoms. They
ravealed that with the exception of succinic acid, whose easy conversio:
into glycogen we had already proved earlier with starving ;ats, none
of the dicarboxylic acids examined causes an increase in liver gly-
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The presence of radioactive acctyl-y-phenyl-a-aminobutyric acid after feeding
y-phenyl-a-aminobutyric acid and C'¢-labeled adipic acid provides very strong
evidence that acetate is a metabolite of adipic acid.

Radioactive glycogen was isolated following feeding of glucose and radioactive
adipic acid.

Some of the metabolic products found in the urine are most certainly not direct
degradation products of adipic acid, ep., urea, but contain radicactive carbon,
derived via carbon dioxide from adipic acid. This has been indicated by feeding
fests with radioactive carbon dioxide followed by the isolation of traces of some
of the same metabolic products in the urine.
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Six radioactive metabolites including adipic acid were found in the
urine. Urea and glutamic, lactic, adipic, f-ketoadipic, and citric acids
were identified as metabolites of adipic acid.

Experiments using radioactive C'* sodium bicarbonate have shown that
carbon dioxide from the breath enters into some of the reactions with
adipic acid. It also forms small quantities of acids in the urine. Carbon
dioxide from adipic acid is probably responsible for the urea and citric
acid found in the chromatograms. Kornberg ef al. (1952) have shown
by radioactive studies that intravenously injected sodium bicarbonate
can be used to synthesize urea in the cat. Carbon dioxide (C¥Q.) alone
did not produce radioactive citric acid although citric acid was present
in approximately the same concentration as found in all the previous
experiments.

CM0, and nonradioactive adipic acid formed radioactive citric acid
and it is suggested that the radioactivity was produced by an interaction
of carbon dioxide and a metabolite of adipic acid. Negligible quantities
of the other metabolites isolated from the adipic acid urine were produced
from radioactive carbon dioxide.

The presence of P-ketoadipic acid in the urine strongly snggests that
adipic acid undergoes a f-oxidation. P-Ketoadipic acid can in turn be
metabolized to succinic acid and an active 2-carbon intermediate. We
have shown that under appropriate experimental conditions, succinate
and acetate can be demonstrated to be metabolites of adipic acid. Weitzel
(1947) has shown that humans fed diets containing high levels oi adipic
acid show significant increases in the urinary succinic acid. The frc
that no succinic acid was found in the radioactive experiments with
animals not treated with malonic acid may mean that succinic acid wa-
utilized more efficiently by the fasted animal. It is possible that the lactic
acid found in the urine is an end product of succinic acid formed from
adipic acid.

SUMMARY

Adipic acid is absorbed and metabolized by normal metabolic processes by the
rat. When radioactive adipic acid was fed to fasted rats, metabolic products identificd
as urea, glutamic acid, lactic acid, B-ketoadipic acid, and citric acid, as well as
adipic acid, were found in the urine.

The presence of P-ketoadipic acid provides some evidence that adipic acid i~
metabolized by f-oxidation in much the same fashion as fatty acids. Further evidenc:
is provided by the appearance of succinate in the urine of rats fed radivactive edipic
acid (1-C') and injected with malunic acid.
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labeled in the 2-carbon position. The carbon dioxide curves of the
breath have a characteristic shape and in each case reach a maximum
within 2 hours and then rapidly decline,
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Fic. 6. Expired C140, in breath of rat fed radioactive C' sodium bicarbonate
and adipic acid.
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The tissues from the sacrificed rats showed very little residual radio-
activity. Of all the tissues examined, the highest activity appeared in
the liver and kidney. Although negligible amounts of glycogen were
isolated from the livers, the glycogen did not appear to be radioactive.
However, when glycogen formation in the liver was encouraged by the
oral administration of glucose with radioactive adipic acid. a high
concentration of glycogen was isolated which was radioactive.
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DISCUSSION

The experiments with radioactive adipic acid have shown that adipic
acid is metabolized by the rat. At the concentrations fed, adipic acid
is almost completely absorbed. Up to 709 of the radioactivity accumu-
Jates in the breath during the 24-hour experimental period. Adipic acid
labeled with C!* in the 1-carbon position is metabolized taster than that
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Formation of Succinic Acid from Radioactive Adipic Acid

If, as the presence of f-ketoadipic acid suggests, adipic acid undergoes
p-oxidation during its metabolism, it should under appropriate conditions,
be possible to demonstrate the formation of succinic acid and acetic
acids in vivo from adipic acid.

Fasted, male, albino rats were fed by stomach tube approximately
50 mg adipic acid labeled with C'* in the carboxyl carbon in 3 ml water,
then injected intraperitoncally with 2ml of 0.53f sodium malonate
(Ochoa, 1944). Under these conditions, malonate inhibits the oxidation
of succinate, but not acetate. Urine was collected for 24 hours, acidified
with nitric acid to pH 1, and extracted with ethyl ether for 24 hours.
After extraction, the ether was removed and the residue taken up in a
mixture of 3ml n-butanol and 7ml of chloroform. A succinic acid
marker was added, and the extract was chromatographed on a silicic
acid column. Figure 5 shows that radioactive succinic acid as well as
radioactive adipic acid was obtained from the urine of these treated
rats.

Formation of Acetic Acid from Radioactive Adipic Acid

In order to accumulate acctate in the urine, male albino rats were fed
100 mg y-phenﬁl-u-aminobutyric acid (Block and Rittenberg, 1944) and
25 mg carboxyl-labeled adipic acid with C'* per 100 g body weight in
5g dog chow. Urine was collected for 48 hours, then extracted as
described by Block and Rittenberg (1944).

The resulting acetyl-y-phenyl-a-aminobutyric acid was repeatedly re-
crystallized from hot water until a constant melting point of 177°C
was obtained. Radioactivity determinations showed that the coefficient
of utilization as described by Block and Rittenberg (1944) was 13.3, in-
dicating a high degree of utilization of part of the adipic acid for forming
acetyl groups.

Radioactive Sodium Bicarbonatc

In order to determine the role of radioactive carbon dioxide in the
formation of radioactive metabolites from adipic acid in the tissues and
urine, experiments were performed using radioactive C'* sodium bicar-
bonate alone and in the presence of nonradioactive adipic acid. The
distribution of radivactivity in the breath and urine of rats as a result
of two such experiments are shown in Figs. 6-9.
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Peak 2. This peak corresponded to the elution peak of glutamic
acid. No other peak was found in this region. The material in this peak
gave a positive ninhydrin test.

Peak 3. This peak has not yet been identified.

Peak 4. This elution peak corresponded to lactic and B-ketoadipic
acids.

Paper chromatography showed an R, of the unknown corresponding
to lactic acid in three developing solvents. The spot was radioactive. The
chemical test of Markus (1950) gave a positive test for lactic acid.

p-Ketoadipic acid was identified by the ultraviolet spectrum of its
phenylhydrazone. The unknown and pure f-ketoadipic phenylhydrazones
gave identical absorption bands at 292 my. Furthermore, the phenylhy-
drazone was radioactive and represented 50% of the radioactivity.

Peak 5. The acids corresponding to this peak were adipic, succinic,
and pyruvic acids, Paper chromatographic separation showed the radio-
aclivity to be associated with adipic acid in threc solvents. The Friede-
mann and Haugen (1943) test for pyruvate was negative.

Peak § material was fractionated further on a silicic acid column, which
separates adipic, pyruvic, and succinic acids. Again, the radioactivity
was associated only with adipic acid. Under the conditions of this
experiment, succinic and pyruvic acids were not metabolites.

Peak 6. The identity of this peak has not been established. One
possibility appeared to be malic acid, which was established by fractiona-
tion of known acids.

Peak 7. This peak corresponded in position to citric acid. The
radioactivity associated with the fractionated citric acid was too low
for paper chromatographic identification so that it was possible to usc
microchemical confirmation only. The microtechnique of Ettinger ¢! al.
(1952) showed high concentrations of citric acid in this peak.

Formation of Glycogen from Radioactive Adipic Acid

In order to determine whether adipic is converted to glycogen, fasted
male albino rats werc fed by stomach tube, 100 mg radioactive adipit
acid labeled in the 1-C' position and 400 mg glucose in water solution.
At the end of 2 hours, the rats were sacrificed and the livers wee
analyvzed for glycogen. The glycogen isolated under these conditions w.:
radioactive.
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the radioactivity did not correspond to an acid, but rather to a neutral
or basic substance, such as creatine or urea. The peak gave a positive
ninhydrin test. Mixed melting point determinations gave a meiting point
of 130° C. Melting point of pure urea was 132° C.
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known metabolite. (b) The R, value by paper chromatography of the
unknown must correspond to the known metabolite in at least two solvent
systems. (c) The unknown must give a positive chemical test for the
suspected known metabolite. (d) The reaction product of the chemical
test must be radioactive.
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The following tentative identifications have been made (see Figs. 3 and
4):
Peak 1. Paper chromatography showed the presence of urca. The
radioactivity of the original fraction was adsorbed by IR-45 resin, so that
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than that obtained with the 1-C't.labeled acid. This would indicate that
the carboxyl group is oxidized at a much faster rate than is the second
carbon.
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Figures 3 and 4 show the titration curves of base equivalent contained
in each fraction and distribution of radivactivity in the urine of rats
fed adipic acid labeled with C!* in the 1 and 2 positions, respectively.
The curves appear to be identical in the number and distribution of
radioactive peaks. In each case, seven radioactive peaks appear.

ldentification of Peaks
ldentification of a radioactive peak from the Dowex-1l-formate column

was considered to be dependent upon the following criteria: (a) The
¢lution peak of the unknown must correspond to the elution peak of a
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Identification of Isolated Compounds

Amino acids were identified on chromatograms after spraying with
ninhydrin in alcohol and heating at 100° C; organic acids, by sbraying
with 0.2% alcoholic bromocresol green. Identification of a radioactive
spot in the case of an amino acid, for which the color tests are very
sensitive, was considered quite satisfactory if the radioactive area coin.
cided exactly with the colored area when rechromatographed with a known
substance. The indicator spray tests for organic acids were not considere:!
sensitive enough to establish identity of the major spots.

Separation and identification of the acids. hydroxyacids. and ketoacids
by the various solvent systems were not conclusive since these compounds
tend to have similar R, values (R, == 0.7-0.9). The acids isolated from
the Dowex-1-formate column were rechromatographed on silica gel
columns (Marvel and Rand, 1950). Coincidence of the radioactive
curves with the base equivalent curves of added known markers was
taken as ifurther evidence that the two acids are identical.

Lactic acid was determined by the chemical test of Markus (1950).
The ketoacids were determined spectrophotometrically as the 2,4-dinitro-
phenylhydrazones. Citric acid was determined by the method of Ettinger
et al. (1952): and pyruvic acid was tested by the procedure of Friedemann
and Haugen (1943). Glycogen was isolated by the method of Good et ol
(1933) as modified by Stetten and Boxer (1944). Urea was identified
by mixed melting point techniques and chromatographic procedures.  *

RESULTS

Rats were fed C'-labeled adipic acid by stomach tube and subsequently
fasted overnight. From the analyses of the fractions recovered from the
urine, it is apparent that during the fasting period, the radioactive
carbon of the adipic acid was distributed into a number of fractions.
The distribution of radioactivity in the various fractions and metabolites
is shown in Figs. 1-5.

Figures 1 and 2 show the amount of radioactive carbon divxide in
the breath of rats fed 1-C!* and 2-C adipic acid. respectively, expressed
as counts per minute. A comparison of the figures supgests that radio-
active carbon dioxide resulting from the metabolism of adipic avid
Jabeled in 1-CY position reaches a maximum sooner than does the
carbon dioxide resulting from the 2-C'-labeled adipic acid. The maxinuo
amount of carbon dioxide from the 2-C'*-labeled acid is considerably les
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METHODS

Two samples of adipic acid labeled with C'* were used in these studies.
One was labeled in' the carboxyl group, and the other at the second carbon
position.

Male albino rats (Carworth Farms), 150-250g in weight, and raised
on Gaines dog chow, were fasted for approximately 24 hours. They were
then fed, by stomach tube, a solution containing approximately 50 mg
radioactive adipic acid in 2-4 ml of water. The rats were immediately
placed in individual metabolism chambers for the collection of respiratory
carbon dioxide. '

Urine collected during the experimental period under toluene was fil-
tered through glass wool and lyophilized. The freeze-dried urine, which
was a light yellow solid, was used in all fractionation experiments.

Fractionation of Urine Mixture

For the separation of the organic acids, columns containing the ion-
exchange resin, Dowex-1 (200400 mesh, formate form) were prepared
as described by Busch et al. (1952); columns containing silica gel
were prepared as described by Marvel and Rand (1950).

The freeze-dried urine was completely dissolved in a small amount of
water and added 1o the Dowex-1 columns. The adsorbed acids were then
eluted with formic acid. Fractions of the eluate were collected in test
tubes with an automatic fraction collector. The tubes were placed in
a vacuum desiccator over a mixture of calcium chloride and sodium
hydroxide (2:1) and dried by infrared heat. As each tube dried, it was
removed from the desiccator in order to minimize losses due to volatility.
Water, free of carbon dioxide, was added to each tube and the contents
titrated with 0.02.N sodium hydroxide using phenolphthalein indicator.
From the results, a titration curve showing the base equivalent contained
in cach fraction was obtained. After titrating the eluates, the solutions
were {ransferred to beakers and evaporated to a small volume in a warm
stream of air. The concentrated solutions were quantitatively transferred
to small glass dishes, dried. and scanned for radioactivity, using a Geiger-
Miiller counter. One-dimensional chromatograms on Whatman No. 1 filter
paper were made of the eluates according to the method of Denison
and I’hares (1952). The positions of radioactive compounds on the
chromatograms were determined by counting at intervals along the
developed area with a thin-window Geiger-Miiller counting tube.
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B NOVOMPL L

\ Lo “ - ’
sowic die Befunde von Epsox? derim Loocishiariona o

eine antiketorene Wivkuny dicser Duarionasin, 0 .
Sinne ciner Kohlchydrathiliiung sedeater werdin Lo
vermift hit, Malonsawre erwics sich in dea Versoacoe, o
letzteren sogar stark kotogon, Yidlero s rvnbonsnion o

somat am Rabmien des Dtermicdidestoiiwedh obo S
fir cine Zackerbildung- kaun in Fruge kenooes ’

Versuche: s wurracn junge, mannlicne, o :
Katten verwen:det, welcive vor der Fatterung 2 Stoncon o o
hatten. Gewicht der Liere nach dem Yubpern, yie e Voo
futterte Menge der Dicarbomsire (als No-Sadv gegebon) o i
Resorprivnsdauer: 4—S8 Stunden. Glykogenbestimmane weh .
heren Augabend,  (Aws dem Medizinisch-Chondschin Inuite ag
Urversittt Innsbruck )
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ZUR FPRAGE DR GLYKOGYNBILDUNG
AUS DITAPBONSAUREN,
\Von

RicH vy Srivgik,

ViruAbE an b Miterberter? hoben den Neoweis ol i
B freie Fettaaaron im Orgasistmas neben dor sowaba b o
Oxgdotion in fStellong au boend-tandig aavdiert wenden
koo (m Onvdoticn), waol
deren weiterey Abban durehe ein oder Peithe sertiuer 50N
Ortion za Licarbonsinren mit apcdoearer holdensceleen, o
erfolgle Mt den Nechweds, dind vater Destomten Vo
setzunger rwerhodicche Sduren v verschedener heenow
fange gebildet werden konren, baben dicae Sanron als Zais doon-
stufen dles Iuenmedidsstofiwechsels allgemeines Interesae he
keinteen,

Lie Bildun von bicarbonsiuren durch en-Oxvlcion
héherer Petisiuten gewinnt nin die Stoffwochaclchenie -
sofern besonderc bedeutung, als sie dem Greanistione due MG
lichkeit gibt, die fiir thn ungemcin wichtice Bortistesnsdur
stife (Inearhonsiure mit g Kohienstoffatomen) anf diesem
Wege d' eht 7u erteichien, deren Entsteivmg bi-her vorwicaond
durch Drehydrivrung der Essigsiivre oder der Prenztrenbor
siure Giber a-, o -Diketoadipingiinie) angenommen voraen
ist2, Die Bedenwung ey DBernsteinsinre fur dore Stofiwec bl
st eine zweiliche: 1. die Bern teinsnre ist dics Anfaegsel
dne Sentems Dernsteinsiure - Fumardare- Apfolinre- Ox
essigsiawre, auf dem sich die Endoxydation im wesenithohen
abepicion soil und dem auf Grused der Untersu bunges con
Srexr-Gvoreyy und Mitarbeiern? eine vorherrschence Stel
Tang bei der Dehydricrungsvormoen im Mo o) cuge-cl
Lo wiced, 2 alic Glieder der B toinare Ok ssiasbne

wi Ireaihowmslgen entareben

rehe sind aweescichicie Glvkeocalaldear? o Lo i
b ostimunte Stoltweehsellage vories,esetsd bt edles Ve
haedungen, deren b i dicas Bysten et e

Moglhichbeit fiir cinen Uhorgoagn o Wohbehy bt boote i

In dicsem Zu-anmuenhang wurde s de Trage gojaatt,
ob im Fitttervnasversnch an nvacernden Raovten o e
fostunty, mit holieren Dicarbonsiuren von oopelor hoobihon
swoflanzalbl cine Zuwabhnie des Jaoboelvharen: pactzone 0
i<t. 1 onach Resarw, Fraseiround Josae b aonciy e e o
siure glucoplastisdh wirken solt (v oisnchie an Vol sindiat o
solien Tieren), wutde sowohl diese Sauie wils ot hodie boboveg
Dicarbonsduren nut wegeredvr Kohdenstotioo e’ e oan e
Versuche einbezopon, obglach e Saren aln Zawn o




